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INTRODUCTION. 


Many species of moths are attracted to light, particularly to 
artificial lights in darkness. It is a well known fact that 
oriental peach moths, Laspeyresia molesta Busck, and codling 
moths, Laspeyresia pomonella L., congregate on the light side 
of screen cages or glass containers, consequently it may be 
assumed that the adults of both species under certain conditions 
are positively phototropic. 

Very little published information occurs on the response of 
these two species to lights, particularly to colored lights. Also 
the possibility of making use of lights as a means of control of 
the species has not been exhausted. Since the subject of the 
response of these species to colored lights has not been investi- 
gated to any great extent it was decided to look into the matter 
quite thoroughly, particularly by means of laboratory tests 
and to a limited extent in the orchard. For three seasons, 
1925, 1926 and 1927, several thousand moths of both species 
were used in light experiments. Tables 1 to 9 summarize the 
more important tests. 
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APPARATUS. 


Two kinds of light testing apparatus were used at the 
laboratory. The first tests were made in an 8-way (octagon) 
apparatus (Plate XXIV, Figure 1) located at the Japanese Beetle 
Laboratory, Riverton, N. J. This equipment was designed 
and used by Messrs. L. B. Smith and E. A. Richmond in their 
studies on the Japanese beetle, Popillia japonica Newm. We 
are greatly indebted to these men for the use of this equipment. 

This apparatus has eight compartments located about a 
central chamber. As many as eight colored screens may be 
used at one time. The outline drawing (Plate XXIV, Figure 1) 
shows the arrangement of the compartments. For a more 
detailed description of this apparatus, see reference by E. A. 
Richmond (7). 

The results obtained in the 8-way apparatus were very 
interesting, consequently we constructed a smaller 4-way 
equipment for further tests. The smaller 4-way apparatus 
proved to be more satisfactory than the large 8-way apparatus 
when insects as small as the oriental peach moth were being 
used. Furthermore, with this equipment the lights could be 
placed opposite each other or at right angles. 

The several figures (Plates XXIII and XXIV) show the 
more important details of the 4-way apparatus. Four com- 
partments (A, B, C and D) are located about a central chamber. 
Compartments A and B are opposite each other and also C 
and D. The inside measurement of each compartment, 
including the central chamber, is 10.5 by 10.5 by 10.5 inches. 
The apparatus is made of wood and wall board, painted inside 
and out with a dull white paint. White paint was used instead 
of black in order that the adults might be seen readily after 
a test was completed. There was probably some reflection 
of light from the dull white paint on the inside of the apparatus, 
however, this was not very important. In a few tests where 
dark chambers were employed no adults went into these 
chambers, indicating that reflected light was not attractive. 
Movable covers are located on the top of each compartment. 
In the exact center of the cover over the central chamber a 
one-half inch round hole (x) was bored. This hole served 
as the point of entrance for all moths. A cork was used to 
stopper the hole. Compartments C and D of the apparatus 





| 











1928] Peterson and Iaeussler: Response to Colored Lights 


are detachable. The four outer compartments can be separated 
from the central chamber by means of heavy galvanized movable 
slides. The glass or ‘‘cel-o-glass’’* screens are placed in grooves 
about a 6 by 6 inch opening on the outer perpendicular face of 
each compartment (A, B, C and D). 

Each screen when in place is equally distant from the 
central compartment or point of entrance of the moths. 
Movable and adjustable holders for the electric light bulbs 
were used. This permitted a careful adjustment of the lights 
so that they could be placed in the exact center of each 6 by 6 
opening and equally distant from the central chamber and the 
screens. 

Clear Mazda Westinghouse electric light bulbs (lamps) 
of varying strengths, 10, 15, 25, 50, 75 and 100 watts, were 
employed in all of the tests unless stated otherwise. The 
filament in each glass bulb was U-shaped and perpendicular to 
the long axis of the lamp. Whenever a compartment was in 
use the upper and lateral areas about the electric light were 
shaded by opaque paper. A long strip of stiff paper, 12 by 36 
inches, was tacked about the upper and lateral margins of the 
outer face in such a manner that all direct rays of light were 
excluded from the area above the apparatus. This shade did 
not interfere with the light entering the screen. 

Several color screens were used in the colored light tests 
(see Table 10). Each screen is 6.5 by 6.5 inches square and 
0.15 to 0.25 inches thick. In commerce these screens are used 
chiefly for color effects on the stage and elsewhere. They are 
manufactured by the Corning Glass Works, Corning, New 
York. 

The amount of light energy that is actually transmitted by 
the screens varies considerably with each screen. In order to 
obtain an estimate of the relative amount of light transmitted 
by each screen and of the approximate range of wave lengths 
included in the transmitted rays, the several screens were 
submitted to Dr. P. A. van der Meulen for photographing. 
From the data on relative intensity of the light passing through 
each screen and for the spectrographs we are greatly indebted 
to Dr. P. A. van der Meulen, of Rutgers University, New 
Brunswick, N. J. Dr. van der Meulen submits the following 





*‘Cel-o-glass’’ is manufactured by Acetol Products, Inc., New York City. 
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statement on the formulae used in ascertaining the approximate 
relative intensity of the light transmission of the screens. 

‘“The ‘relative light intensity’ was found as follows: The 
spectral distribution of light from the incandescent lamp used 
was calculated from its color temperature, which was taken as 
2500° K, by the application of Wien’s equation. The results 
were plotted, using wave length of the light (in u. u.) as abscissae 
against relative intensity (S) as ordinates. Curves were also 
plotted of the transmission (T) of the various filters as ordinates 
against wave length of light as abscissae. By multiplying (S) 
for any particular wave length, by the fraction (T) transmitted 
by the screen for that wave length, a series of numbers (S X T) 
were obtained, which were then plotted as ordinates against 
wave length of light as abscissae. The areas enclosed by these 
(S X T) curves and the axis of abscissae were measured with a 
planimeter. The areas are proportional to the ‘relative light 
intensities’ transmitted by the light filters from bulbs of equal 
size placed the same distance from the filters.” 

Table 10 shows the relative light intensity for each screen. 
It will be noted that the violet screen is assigned the value of 1 
and all others are compared with it. The photographs (Plate 
XXV) of the color band also transmitted by each screen were 
taken with a quartz spectrograph using Wratten & Wainwright 
‘‘M”’ plates, which have a wide range of color sensitiveness, 
including red. The light used was one 100-watt clear Mazda 
Westinghouse lamp. This is the same kind of light used in all 
of the tests. Spectral photographs of most of the screens may 
also be found in a publication by Mr. Gage (1). These photo- 
graphs do not agree in all respects with those figured in this 
paper. This is due to the fact that Mr. Gage used a different 
light source, an iron arc, and also his negatives did not have as 
wide a range of color sensitiveness as those used by Dr. van der 
Meulen. 


METHODS. 


All of the adults of both species used in the laboratory tests 
were less than 36 hours old and most of them were 8 to 12 
hours old. If the moths are older than 36 hours they are apt 
to be sluggish, consequently when they are placed in the light 
apparatus an unusually large number will remain in the central 
chamber. In most instances the adults were obtained by 
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placing the cocoons spun up in corrugated paper in individual 
2-dram homeopathic vials stoppered with cotton plugs. The 
adults emerged in the vials and at the time of any test all adults 
were in individual vials. 

All of the laboratory experiments reported in this paper were 
conducted after sunset in darkness, usually between 8 and 12 
p.m. In the orchard the moths are most active at sunset and 
shortly thereafter. In all of the tests the temperature was 
70° to 75° F. or a trifle higher. In temperatures less than 70° F. 
the adults are not very active, consequently it is unsatisfactory 
to make tests at temperatures lower than 70° F. As a rule, 
with very few exceptions, any given lot of adults were used 
in only one or two tests, in many cases in only one test. Moths 
of both species, but more particularly the oriental peach moth, 
were used in experiments during the entire season, May to 
September, inclusive. So far as observed there is no difference 
in the response of the adults of the spring brood or of late 
summer forms of a given species to any given series of light 
experiments. 

In almost every test with a given colored light combination 
or light intensity study 120 to 150 individuals (60 to 75 females 
and 60 to 75 males) of one species were used. In every experi- 
ment the sexes were tested separately. 

Whenever a test was to be conducted the apparatus and 
lights were carefully adjusted and all of the lights in the room 
were extinguished except those connected with the apparatus. 
No direct light rays were permitted to strike the moths for 
several minutes previous to the time they were inserted in the 
apparatus. The individuals of a given sex and species were 
placed in the apparatus one at a time through the small round 
hold (x) in the center of the upper portion of the central chamber. 
After all of the indiv duals, 60 to 75 adults, had been inserted 
into the apparatus, usually taking 5 to 7 minutes, the metal 
partitions separating the central chamber from the outer 
compartments were slid into position. The covers of the 
different compartments were then removed one at a time and 
the adults were taken out and counted. Each test where 60 
to 75 adults were used took 20 to 25 minutes to complete. 
In the course of an evening 8 to 12 tests using 60 to 75 adults 
per test could be completed. 
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In some preliminary tests, after all adults were inserted, 
they were allowed varying intervals of time to fly about the 
compartments and select the colored lights. These tests 
showed that most all (there were a very few exceptions) of the 
adults select the colored light at the time they are inserted. 
When an adult drops from the vial through the small round 
hole into the central chamber it usually flies and at that t'me 
it goes to a colored light and remains near the light selected or 
somewhere in that chamber. Few or no adults abandon the 
first light selected for a light in some other chamber. This 
observation shows that it is unnecessary to allow a lengthy 
interval of time for light selection after all moths have been 
inserted. 


LABORATORY TESTS. 


At the laboratory a few preliminary tests were conducted 
in the large 8-way apparatus. The majority of the light 
experiments, however, were performed in the small 4-way 
equipment. 

The results obtained at the laboratory with both species 
of moths will be discussed together because the responses of 
each species to the various color combinations were remarkably 
similar. Where decided differences did occur, these will be 
noted. 

In the tables, where a percentage represents the percentage 
of moths that selected a given colored light in a test, the per- 
centage is figured on the basis of those individuals that actually 
went into the outer compartments. In other words the individ- 
uals remaining in the center compartment were excluded in 
calculating the percentages of moths that selected any light. 
The number showing the percentage that remained in the 
center is that portion of all of the adults used in each test which 
did not fly out of the central chamber. In most tests a few 
to many, 0 to 34%, remained in the center. Asa rule a higher 
percentage (average 14%) of codling moths remained in the 
center than oriental peach moths (average 9%). More moths 
of both species remained in the center of the 8-way apparatus 
than in the 4-way apparatus. Some of the moths that remained 
in the center were sluggish and did not appear to be normal 
individuals. This fact makes it impossible to know definitely 
what percentage of normal moths did not select a colored light. 
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Preliminary Tests——In some preliminary tests in the 8-way 
apparatus oriental peach moths and codling moths were sub- 
jected to seven different colored lights (Table 1) using the same 
amount of light, 200 watts, behind each colored screen. The 
results were very striking. Some 70 percent or more of the 
moths went into the compartments lighted with artificial 
daylight and blue. This fact indicated that the blue end of the 
spectrum was more attractive than the red. This led to further 
tests (Table 2) in the 8-way equipment where comparisons 
were made between three colored screens, artificial daylight, 


TABLE 1. 


Summary of several experiments showing response of moths to seven differently 
colored lights and one dark chamber in the 8-way apparatus. See 
Plate XXIV for arrangement of compartments. 


















































ORIENTAL Peach MotH CopitinGc Mot 
Comp.| Color Watts | Ratio of | pemate| Male | COM | Female| Male | Com: 
ip. “ Intensity emaie ale bined emaie Male bined 
No | % \No.| % |No.| % |No.| % |No.| % |No| % 
A Dark.... , none ..| O10 1} 0.6} 1] 0.2) 0/0 0/0 0/0 
B | Yellow... 200 183 50 |21.1) 23 |13.6) 73 |18.2) 12 | 8.2|) 10 | 6.8) 22 | 7.5 
j | Blue 200 16 54 |23.2) 60 |35.5)114 |28.4) 50 |34.4) 46 [31.2| 96 |32.8 
D Red - 200 126 4), 1.7) 2]/1.1) 6]14) 2]1.44 0/0 2);06 
E Artificial 
Daylight. 200 132 94 |40.5) 75 |44.3)169 |42.1) 74 |51.0) 84 |57.1/158 |54.1 
F Orange.... 200 190 10 | 4.3) 4] 2.3) 14] 3.44 1) 0.6) 4] 2.7) 5] 1.7 
G Green...... 200 15 2; 0.8) 3) 1.7) 5] 1.2) 1) 0.6) 1/06) 2/0.6 
Violet 200 1 18 | 7.7) 1] 0.5) 19°} 4.7) 5) 3.4) 2]1.3) 7] 2.3 
Totals Fa% ...}232 |99.3]}169 |99.6}401 |99.6/145 |99 6|147 |99. 7/292 199.6 
guaaae aokeneenis a ak : a seco 
Center..... aes 30 |11.4| 36 |17.5| 66 |14.1| 43 |22.8| 40 jt 3| 83 \22 1 











blue and violet. All three screens were used at one time or in 
combinations of two, artificial daylight versus blue and blue 
versus violet. Again striking results were observed. Where 
the three colors were compared (Table 2, Series 1) and 200 watts 
were back of each colored screen, 50 percent or more of both 
species of moths went toward the artificial daylight. In this 
test it will be noted that the ratio of light intensity of the 
artificial daylight screen is very high. Where the ratio of light 
intensity of the three screens was made more nearly equal 
(Table 2, Series 2) 64 per cent or more of the moths went 
toward the violet light. Again in the same preliminary tests in 
the 8-way apparatus, where artificial daylight and blue were 
compared and the ratios of light intensity were nearly equal 
(Table 2, Series 4), 77 to 92 per cent of the moths went toward 
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the blue light. Also where blue and violet lights of approx- 
imately equal light intensity (Table 2, Series 6) were tested, 97 
to 100 per cent of the moths went toward the violet light. 


9 


TABLE 


Response of moths to artificial daylight, blue and violet lights in the 8-way 
apparatus using two or three compartments. See Plate XXIV. 














































































































| 
ORIENTAL Peach Motu CopitinGc Mort 
| — 
Series} Comp Color Watts Ratio of Female | Mal Com- Female| Male Com- 
. s : - atts Intensity emale| Male bined emale} Male | bined 
| . 
No.| % |No.| % |No.| % |No.| % |No.| % |No | % 
1 E Artificial 
Daylight} 200 132 39 |59.0] 43 |72.8] 82 |65.6) 12 |52.1) 24 |55.8] 36 [54.5 
Cc lue.....| 200 16 26 |39.3] 16 |27.1] 42 |33.6] 9 |39.1| 18 |41.8] 27 |40.9 
H Violet...| 200 1 1] 1.5) 0/0 1/ 0.8) 2) 8.6) 1/ 2.3) 3) 4.5 
Totals... 66 |99.8] 59 |99.9|125 |100 | 23 |99.8| 43 |99.9] 66 |99.9 
Center.. |... 13 |16.4] 18 }21.4] 31 |19.8} 9 |28.1] 6 |12.2] 15 |18.5 
2 E Artificial 
Daylight 10 6 4] 7.5) 1] 1.8) 5] 4.6) 0] 0 | 1) 2.7] 1] 1.3 
c Blue... 50 4 10 |18.8| 23 |42.5) 33 |30.8] 3] 7.8] 1] 2.7] 4] 5.3 
H_ | Violet.. 200 1 39 |73.5| 30 155.5] 69 |64.4) 35 |92.1] 35 |94.5] 70 |93.3 
Totals...j.... 53 |99.8] 54 |99.8|107 |99.8] 38 |99.9] 37 |99.9] 75 |99.9 
Center...|....... 7 |11.6] 6 |10.0] 13 |10.8| 5 |11.6} § 17.7] 13 |14.7 
3] E Artificial | 
Daylight} 200 132 88 |71.5|104 |83.8|192 |77.7| 63 |63.0] 28 |53.8] 91 [59.8 
c Blue.....| 200 16 35 |28.4] 20 |16.1) 55 |22.2) 37 |37.0) 24 |46.1] 61 40.1 
Totals... 123 |99.9|124 |99.9|247 |99.9}100 |100 | 52 |99.9|152 |99.9 
— - _ - | —_ = — — o— een coe 
Center...|....... 2 | 8.8] 14 |10.1| 26 | 9.5] 28 |21.8| 16 |23.5] 44 |22.4 
4 | E | Artificial | | 
Daylight] 25 16 22 |26.1] 19 |18.8] 41 |22.1] 8 10.0] 1] 2.5} 9] 7.5 
Cc Blue.....| 200 16 62 |73.8} 82 |81.1|144 |77.8| 72 |90.0| 38 |97.4/110 |92.4 
——— | —__—$_$} $$ | $$ |_| —_ J ——_j —_| —_, |_| —_ |__| ___ |__| 
Totals 84 |99.9]101 |99.9|185 |99.9] 80 |100 | 39 |99.9]119 99.9 
Center. 25 |22.9| 17 | {23.5} 24 |16.7 
5 ce Blue 200 16 61 |74.3| 47 |78.3|108 |76.0| 29 |56.8| 23 54.7) 52 [55 9 
H_ | Violet...} 200 1 21 |25.6| 13 |21.6] 34 |23.9] 22 |43.1| 19 |45.2| 41 |44.0 
as saumienatliaenianiniia alunite stata iene cae ital stasis cicetidMlhiebieli cantatas Mati tet ensaiiadee 
| Totals... 82 |99.9] 60 |99.9|142 |99.9] 51 |99.9| 42 |99 9| 93 |99.9 
— es —_ — —_ — _ = = ae — 
Center. 5 | 5.7| 15 |20.0| 20 |12.3) 10 |16 3} 12 |18.7} 22 |19.1 
6 | C | Blue 25 2 | 1/1.7} 1/25] 2/20) o|o | o| o| o| 0 
H_ | Violet.. 200 1 56 |98.2) 38 |97.4) 94 |97.9] 45 1100 | 42 |100 | 87 |100 
scicncinilati tenia sanicesitedileampinedl niin necisteliagatain Eastaattinnaalmamaeidaaeadididdhataian chai 
| Totals 57 |99.9] 39 99.9) 96 |99.9] 45 |100 | 42 {100 | 87 |100 
| a _ - |— |— ——|—-—|— ——|—~—-|-—- -= —|—— 
| Center... | 7 |10.9| 16 |29.0| 23 |19.2| 7 |13.4| 6 |12.5| 13 |13.0 





The above preliminary tests in the 8-way apparatus indicated 
clearly that both species of moths are positively phototropic 
to lights possessing blue or violet rays. 


In other words lights 


of short wave lengths are more attractive than lights of long 
wave lengths. 
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In order to corroborate the results obtained in the 8-way 
apparatus a small 4-way equipment (Plates XXIII and XXIV) 
was constructed. This proved to be more satisfactory for 
studying insects as small as the oriental peach moth. Also 
in this equipment lighted screens could be placed opposite or 
at right angles to one another. 


TABLE 3. 


Response of moths to lights of equal intensity (so far as known) in each com- 
partment of the 4-way apparatus. Clear glass slides used in each 
compartment. See Plates XXIII and XXIV. 


ORIENTAL Peach Motu 
















































































50-Watt Clear Lamps 25-Watt Frosted Lamps | 
- nn Combined 
Comp Females Males Combined Females Males E Combined | 
citi 
No % No. | % No % No. % No | 0 % No % 
ms iieaataeie ge siAscnataaes Ficncianes Entei becca on i aeiaeans 
A | 38 28.7 31 22.4 69 25.5 18 19.5 21 21.8 39 20.7 | 108 23.5 
B 28 21.2 39 28.2 67 24.8 27 29.3 | 35 36.4 62 32.9 | 129 28.1 
© | 34 25.7 44 31.8 78 28.8 22 23.9 | 16 | 16.6 38 20.2 | 116 25.3 
D | 32 24.2 24 17.3 56 20.7 25 27.1 24 25.0 _49 26.0 | 105 22.9 
Totals 132 99.8 | 138 99.7 | 270 99.8 92 99.8 96 | 99.8 "188 99.8 | 458 | 99.8 
Center 10 7.0 15 3.4 15 5.2 6 | 61 | 5 +7 4.9 | ll | 5.5 26 5.3 
Copiinc Morn 
50-Watt Clear Lamps 25-Watt Frosted Lamps | 
a | Combined 
Comp. Females Males Combined Females Males Combined 
No | Q% | No | % % No % No. Q% No. |_° No.| % 
om - - —— — a _ - - —_ — _ fleas | anos a mess 
A 17 | 28.3 8 15. 3 25 22.3 44 25.4 58 33.5 | 102 29.4 | 127 27.7 
B 13 21.6 14 26.9 27 24.1 42 24.4| 40 | 23.1 | 82 23.6 | 109 23.7 
Cc 19 31.6 20 38.4 39 34.8 39 22.5 32 18.4 | 71 | 20.5 | 110 24.0 
D 11 | 18.3] 10 | 19.2 | 21 | 18.7| 48 | 27.7) 43 | 248] 91 | 26.3 | 112 | 24.4 
Totals....| 60 | 99.8| 52 | 998 S| 112 | 99.9] 173 |100.0 | 173 | 998 | 346 | 99.8 | 458 | 99.8 
nae secllciientiniel “ line nano viene | eal  teatniiesiadbias 
Center... 16 | 21.0| 21 28.7| 37 | 24.8 | 21 | 10.8) 25 | | 83 | 15.3 
| | 


12.6 | 46 | 11.7 


Intensity Tests——In one of the preliminary tests with the 
4-way apparatus four lights of equal intensity (Table 3) were 
selected and placed equally distant from the clear glass screens 
in each compartment. Theoretically 25 per cent of the moths 
of each species should be found in each of the four compartments 
if the lights are equally attractive. If one examines the com- 
bined results in Table 3 it will be noted that 22.9 to 28.1 per 
cent of the oriental peach moths and 23.7 to 27.7 per cent of the 
codling moths were found in each of the four compartments. 
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These percentages approximate the theoretical 25 per cent. 
It will be noted that where a small number of individuals 
(50+) are used in any test the variation is greater. Some of 
the differences in the tests may be due in part to differences in 
the light intensity of the supposedly similar light bulbs which 
could not be detected by the human eye. To obtain an equal 
distribution of the moths in a test of this nature it would 
require 500 to 1,000 or more individuals of each species. If one 
were to make use of such a great number for a long series of tests 


TABLE 4. 


Response of moths to lights of varying intensities in the different compartments 
of the 4-way apparatus. Clear glass slides used in each compartment. 
See Plates XXIII and XXIV. 















































| ORIENTAL PeacH Motu CopLinG MotH 
ae tensity | . : 
Series} Comp agreis Females Males Combined | Females Males Combined 
No.| % | No.| % | No.| % | No.| % | No.| % | No.| % 
1 A 100 51 75.0| 42 | 75.0] 93 | 75.0 60 | 73.1] 49 | 67.2] 109 | 70.3 
1 B 25 0 0 0 0 0 0 0 0 0 0 0 0 
1 Cc 10 0 0 0 0 0 0 0 0 0 0 0 0 
ti BD 50 17 | 25.0] 14 | 25.0} 31 | 25.0 22 | 26.8| 24 | 32.8; 46 | 296 
i | Totals.. 68 {100.0 56 [100.0 | 124 |100.0 82 99.9 73 |100.0 | 155 99.9 
1 Center. 8 10.5 6 9.6 14 10.1 7 7.8 17 18.8 24 13.4 
2 | A 100 68 | 81.9] 69 | 85.1] 137 | 83.5 58 | 85.2] 57 | 76.0] 115 | 80.4 
2 B 50 6 7.2 3 3 5 9 5.4 4 58 7 9.3] 11 7.6 
2 © 10 1 1.2 1 1.2 2 1.2 0 0 1 1.3 1 0.6 
2 | D 25 8 9.6 8 9.8 16 9.7 6 8.8 10 13.3 16 11.1 
2 | Totals.. 83 99.9 $1 99.6 | 164 99.8 68 99.8 75 99.9 | 143 99.7 
2 | Center.. 6 6.7 4 4.7 10 5.7 8 |10.5| 16 | 17.5] 24 | 14.3 
































Note.—Light intensities in compartments B and D shifted in Series 1 and 2. 
See Plate XXIV, Figure 2 for respective angles of compartments. 


the task would become very great. After making a goodly 
number of tests with varying numbers of adults it was decided 
to use as a standard 120 to 150 moths (60 to 75 females and 
60 to 75 males) of each species in every light experiment. 

The next important series of experiments with the 4-way 
apparatus was a light intensity test. Table 4 shows the results 
obtained where four lights of unequal intensity, 100, 50, 25 and 
10 watts, were placed behind clear glass screens. It will be 
noted that 70 to 83 per cent of the moths in these tests went to 
the 100 watt light. 

In Table 4 an interesting observation is recorded relative 
to the position of the lights. It will be noted in Series 1 that 
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no moths went into compartments B and C lighted with 25 
and 10 watts respectively, while all moths, 25 to 29 per cent, 
which did not go to the 100 watt light went into compartment 
D, which was lighted with 50 watts and was at right angles to 
the 100 watt lighted compartment A. 


TABLE 5. 


Response of moths to red, yellow, green and blue lights in the 4-way apparatus. 
See Plates XXIII and XXIV. 






















































































ORIENTAL PEACH MotH Copiinc MotH 
| 

metal G . rne4.| Ratio of Com- | Com- 

Series} Comp. Color Watts Intensity | Female} Male bined |Female | Male bined 
No.| % |No.| % |No.| % |No.| % |No.| % |No.| % 
1 A Fe 100 126 1} 1.9) 0/0 1} 0.9} 1] 1.7) 1) 1.8) 211.8 
1 B Green...... 100 15 1; 1.9 3/57) 4] 3.8) 3/ 5.3) 3] 5.5) 6] 5.4 
1 Cc Yellow 100 183 11 }21 5) 7 [13.4] 18 |17.4) 2] 3.5) 7 [12.9) 91] 8.1 
1 D Blue 100 16 38 |74.5) 42 |80.7| 80 |77.6) 50 |89.2) 43 |79.6) 93 |84.5 
Totals 51 |99.8) 52 |99.8)103 |99 7) 56 |99.7) 54 |99 8/110 |99.8 
Center....... cache 5 | 8.9) 7 |11.8) 12 |10.4) 10 |15.1) 17 |23 9} 27 |19.7 
2 A Red. ; ‘ 100 126 0; 0 0; 0 0 0 1; 1.9 0/0 1/| 0.8 
2 B Yellow. 4 100 183 18 |33.3) 13 |25.0) 31 |29.2) 9 |17.3) 16 |26.2) 25 {22.1 
2 Cc Green...... 100 15 0) 0 0; 0 0; 0 0; 0 1; 1.6) 1) 0.8 
2 D Blue.. 100 16 36 |66 6) 39 |75.0) 75 |70.7| 42 |80.7| 44 |72.1) 86 |76.1 
TOE. 0050 aa a .| 54 199.9) 52 |99.9)106 |99.9) 52 |99.9) 61 |99 9/113 |99.8 
Center caulk Peaeanende 5 | 8.4) 5] 8.7) 10] 8.6) 6 10.3) 12 |16.4) 18 |13.7 

3 A di aaah 6 15 20 0; 0 0/0 0; 0 0; 0 0; 0 0/0 
3 B Green...... 50 8 1.6} 2/] 3.7) 3] 2.6) 2/)3.3 1.7} 3) 2.5 
3 Cc Yellow..... 10 18 0|0 0|0 0/0 0|0 1} 1.7} 1|0.8 
3 D Blue ; 100 16 61 |98.3| 51 |96.2)112 |97.3) 57 |96.6) 55 196 4|112 |96.5 
aia 5 Pre 62 |99.9] 53 |99.9}115 |99.9| 59 [99.9] 57 |99. 8/116 |99.8 
Center.......]. ‘ neKea 2) 2.9| 3] 5.3) 5] 4.1) 5] 78) 9 |13.6) 14 }10.7 
4 A Rcd «esa 15 20 0; 0 0/;0 0|)0 0; 0 1};15) 1/0.8 
4 B Yellow.... 10 18 6} 9.6) 2) 3.2) 8} 64) 2)3.9) 111.5) 3] 2.5 
4 Cc Green........ 50 8 1| 1.6) 0/0 1/;0.8| 0); 0 1} 1.5) 1/|0.8 
4 D Blue ey 100 16 55 |88.7) 60 |96.7/115 |92.7| 49 |96.0) 62 |95 3/111 |95.6 
Totals..... <gunede veh ..| 62 |99.9) 62 |99 9)124 |99.9) 51 |99 9) 65 |99 8}116 |99 7 
Center...... . 4/6.0|} 5|}74) 9) 6.7) 6/105) 7/9 | 13 |10.0 














In Series 2 where the 50 watt light was opposite the 100 watt 
chamber the number of moths entering the 50 watt compart- 
ment was greatly reduced. Again in this series some moths 
went into the compartments lighted with 25 and 10 watts. 
In fact more moths: went into the 25 watt compartment than 
into the 50 watt compartment. Here again we note that the 
two weaker lights, 25 and 10 watts, were at right angles to the 
two stronger lights, 100 and 50 watts. From these results and 





364 Annals Entomological Society of America |Vol. XXI, 


others of a similar nature the following may be concluded. 
When a weak light is placed at right angles to a strong light it 
is more attractive to both species of moths than when placed 
opposite a strong light. 

The above phenomena not only holds for lights varying in 
intensity but also for different colored lights which have varying 


TABLE 6. 


Response of oriental peach moths to green and blue lights opposite each other 
(A and B) and at right angles (A and C) in the 4-way apparatus. 
See Plates XXIII and XXIV. 


| | ORIENTAL Peach Motu 





















































| | | 1 — 

Series} Comp. Color | Watts Ratio of Females Males | Combined 
| | Iletensity je a, i- a ia — 
| No % | No. | & No Q% 

1 A Blue | 75 16 58 1000 | 63 | 98.4 121 | 99.1 
1| B Green | 7% 15 0 o | 1 1.5 1 08 
oa oa a =| — — —— —_ — a - 

Totels...:...) ; ; } 58 1000 | 64 99.9 122 | 99.9 
————— —_ _ — | — - _ — — — ee —_ | — 
| Center | 3 4.9 6 8.5 9 | 6.8 
quan ees | ees | eee | ee | eee | ee | ee | ee | 
2 | A_ | Blue 75 16 51 94.4 62 98.4 | 113 | 96.5 
2 C | Green 75 15 3 5.5 1 1.5 a. | Bea 
—_—— —-—_—_————— a | _ — — — _ |_— ~—- | | - 
Totals.......) | 54 | 99.9 63 | 99.9 | 117 99.9 
——E a —— = a - — amen — 
Center | * | me 4 5.9 il 8.5 
—!| a —_—_ 
3 A | Blue 25 «| 5 45 84 9 39 73.5 84 | 79.2 
3 | B_ | Green..... 75 15 8 15.0 14 26.4 22 | 20.7 
MIR. co ce Acccceskst | 53 99.9 53 999 | 106 | 99.9 
| . ae | 7 se ea ae _ | 7 : = 
Center.......| : | 9 14.5 9 14.5 18 | 14.5 
| | i 1 
a es | ee | cee 
4 A PR 5.000: |} 25 | 5 41 | 77.3 | 35 | 61.4 76 69.0 
4 C Green........] 75 15 12 | 226 | 22 | 38.5 34 20.9 
queen — saa suneemenanie a = — a eenniieasis rene etmetnns aw 
| | | 
Totals | 53 99 | 57 | 99.9 | 110 | 99.9 
2 a | sqmemamene oo | = oa - 
Center | | | 14 20.8 | 13 | 18.5 | 27 | 19.7 
| | | ' 





Note.—Codling Moths were not available when these tests were conducted. 


degrees of attractiveness. An examination of Tables 5, 6, 7, 
8 and 9 will show in most every instance that when a colored 
light that is less attractive is placed at right angles to a colored 
light that is more attractive, more adults go to the less attractive 
light than when the less attractive colored light is placed 
opposite a more attractive colored light. Thus it appears that 
if a light X, which is weaker or its color is less attractive than 
a light Y, is placed at right angles to light Y, it will attract 
more adults than when placed opposite light Y. 
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Colored Light Tests —The results shown in Tables 1, 2, 5, 6, 
7, 8 and 9 on the response of the moths to the different colored 
lights will be discussed under each color. 


TABLE 7. 


Response of moths to daylight, blue and violet lights in the 4-way apparatus, 
using three compartments. See Plates XXIII and XXIV 


ORIENTAL Peach Motu CopLINnG MotH 
| —— ro. . 
Series| Comp. | Color Watts Ratio of Female| Male Com- Female Male Com- 


| | Intensity , | | bined | | bined 
| | | | 

| 
| 


\No.| % |No.| % |N 





1 A | Violet..... 100 | 1 























o|o | 1] 1.5} 1] 0.8] 3] 5.1] 7 |11.6| 10| 8.4 
1 B | Daylight....| 100] 132 | 22 |39.2| 23 |35.3] 45 |37.1] 14 |24.1) 8 |13.3] 22 |18.6 
1 C | Blue.........} 100 16 | 34 |60.7! 41 |63.0) 75 |61.9| 41 |70.6) 45 |75.0| 86 [72.8 
Totals Pa. ee 9| 65 |99.8}121 |99.8] 58 |99.8] 60 |99 9118 99.8 
named = wanes == - | = san ppcteamneen penn neem ion a 

| } | 
Center... le.eees[eeeeeeeeee] 619.6) 1] 1.5] 7] 5.4) yy 3 | 4.7| 22 115.7 
2 A | Violet wie’ | 100 | I y}o | olo | olo 4 | 7.5] 8 |14.2) 12 |11.0 
2 B_ | Blue {1 100 16 | 22 |43.1] 19 |33.9] 41 [38.3] 17 [32.0] 25 |44.6| 42 |38.5 
ti G | Daylight. 100 132 _ | 29 |56.8) 37 |66.0/ 66 [61.6] 32 |60.3| 23 |41.0| 55 |50.4 
—_ | ——___— | —_ — ——— —|-——— 
99.9 


: ~ —— 
Totals ae | 51 |99 of 56 |99.9]107 |99.9| 53 |99.8| 56 |99.8| 109 
|— —|—-|— it —|—|— —— 

| si 8.9 2| 7| 6.1 6 |10.1| 11 |16.4| 17 |13.4 


3.4 
—$ | ———_S$|»s | —_ | | | | | | 





















































3 A | Daylight....| 100 132 23 |40.3| 29 147.5} 52 44.0] 8 |14.2| 4 | 6.4] 12 {10. 1 
3 i. Db iessvas« 100 16 24 |42.1| 17 |27 8} 41 |34.7| 26 [46 4| 40 |64 5} 66 |55.9 
3 C | Violet | 100 | 1 10 [17 5| 15 |24.5| 25 |21.1] 22 39.2} 18 |29.0| 40 |33.8 
= - on —E—eEEe -_ a | arlipanapam - |\—| — 
Totals | 57 |99 9| 61 |99.8|118 |99 8| 56 |99.8| 62 loo. 9|118 “|99.8 
| — | ——_ | —_——__|—_- —|- — Se | 
Center J.ceev] ..| 7 |10.9) 7 |10.2) 14 }10.6) 7 |11.1) 5] 7.4) 12] 9.2 
a ee a a a a a ane ne aaNet enna Eee 
4 A Violet i‘ 200 1 48 |85.7| 46 |85.1) 94 |85.4| 40 |68 9} 42 \75 0} 82 |71.9 
4 B Daylight 10 6+ 1} 1.7) 0|0 1/0.9} 0/0 ! Oo|0 0); 0 
4 C | Blue........] 2% 2 | 7 |12.5) 8 |14.8| 15 |13.6 18 (31 0} 14 |25.0} 32 |28.0 
sae ates taaiaicdene inane -| || |_| __ |__| 
| Totals | 56 |99.9| 54 |99.9)110 |99 9| 58 |99.9| 56 |100 |114 |99.9 
| - _ - —/|—| | — a —|—|_—- |—_—_ |-— 
| Center | | @10 2| 3.4] 2| 1.7] 17 122.6 10 {15.1} 27 |19.1 
a Se ee 
} —_ | 
5 A | Violet | 200 1 | 40 |78.4| 39 |79.5| 79 |79 0| 43 \76 7| 47 |83.9] 90 |80.3 
5 B | Blue 25 2 | 3/ 5.8) 1] 2.0) 4) 4.0 110.7) 4] 7.1] 10 | 8.9 
5 C | Daylight....| 10 6+} 8 15.6) 9 |18.3) 17 |17 o 7 12.5] 5| 8 9 12 |10.7 
_—_— EE - - - —— ~| — —_— | — 
Totals 51 I~ 8| 49 |99 8| 100 100 56 \99 9| 
| Center | 6 |10.5| 9 |15.5| 15 |13.0] 29 \24, 1) 17 |23.2| 46 |29.1 
| | 
ne —_— 
6 A | Daylight 10 6+ 1 1.9 1 1.8) 2 1.8) 0;0 4 7 | 0.9 
6 | B Blue 25 2 6 {11.5} 3] 5.4] 9| 8.4] 3 | 5.0) 8 14 i 1 9.4 
6 | C | Violet 200 1 | 45 [86.5] 51 |92.7) 96 |89 7| 57 |95 0| 47 |83.9|104 |89.6 
Totals. 52 199.9] 55 |99 9/107 \o9 “9 60 100 | 56 |99. 8} 1116 ‘|99.9 9 
| Center. al | 5 | 8] 12 [x79 a7 | [13.7] 16 | l21.0| 12 17.6| 28 |19.4 





Daylight = Artificial Daylight 


Red: Beginning with red the results with this color are 
recorded in Tables 1 and 5. The ratio of light intensity for 
this screen is high (126), yet in all of the tests with red few or 
no moths went toward the red screen. The red light was about 
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8 times as intense in Table 1 and in Table 5, Series 1 and 2, as 
the blue light, yet many or most of the moths went to the blue. 
In Table 5, Series 1 and 2, the red light was also in the most 


TABLE 8. 


Response of moths to artificial daylight and blue lights opposite each other, 
(A and B) and at right angles (A and C), in the 4-way apparatus. 
See Plates XXIII and XXIV. 


ORIENTAL Peach Motu Copiinc MotH 
Series} Comp. Color Watts ee Female} Male eae” Female! Male ; ned 
No] % |No|] % [No.] % |No| % [No] % |No] % 
a 1 A Daylight 75 | 132 34 (68.0) 38 |69.0) 72 |68.5) 7 |13.4) 11 |18.9) 18 16 3 
1 B Blue 75 16 16 |32.0) 17 |30.9) 33 |31.4) 45 |86.5) 47 |81.0) 92 |83.6 
7 Totals 50 |100 | 55 |99.9)105 |99.9) 52 |99.9) 58 |99.9/110 |99.9 
Center 5| 9.0] 2] 3.5] 7] 6.2] 21 [28.7] 9 /13.4) 30 |2t.4 
“2 | A | Daylight....| 75 | 132 | 28 |44.4| 29 (46.0| 57 |45.2| 26 |48.1| 28 |45.9| 54 (46.9 
2 Cc Blue |} 75] 16 | 35 |55.5) 34 |53.9) 69 |54.7| 28 |51.8) 33 /54.0) 61 |53.0 
| Totals... 63 |99.9) 63 |99.9|126 |99.9| 54 l99.9| 61 99.9 115 |99.9 
Center.......| | 3| 4.5 3145] 6145 5/84 4| 6.1 9| 7.2 
TJ \"4a [Davteee.| 25] a | alaat alec elec alial alia alae 
3 BD | Blue | 75 | 16 57 196.6) 45 |93.7/102 195 3} 63 198.4) 57 98 2/120 |98 3 
ae Totals = ‘ 59 |99.9| 48 |99 9/107 99.9] 64 |99 9| 58 |99 9/122 |99 9 
Center.......| 2| 3.2] 3| 5.8} 5| 4.4] 6| 8.5] 4| 6.4) 10| 7.5 


| 





4 A Daylight 25 | 44 | 6| 7.5) 3] 5.4) 9] 6.7] 7 [12.7] 13 |24.5) 20 [18.5 
4 C Blue... 75 | 16 | 73 |92.4] 52 |94.5)125 |93.2] 48 |87.2| 40 |75.4] 88 {81.4 
— = | | | | | _ - 
| Totals | | | 79 |99.9) 55 |99.9]134 {99.9} 55 199.9) 53 |99.9/108 |99.9 
L a a | | olen 
Center | 1] 1.2} 2] 3.5] 3] 2.1] 12 |17.9] 15 |22 0} 27 |20 0 
5 A Daylight 10 | 7 | 1131.9) 1 11.7] 2 11.8} ©} O| O| O} O} O 
5 B | Blue... 75 | 16 51 |98.0| 57 |98 2/108 |98.1) 50 |100 | 52 |100 |102 |100 
Totals | 52 |99 9| 58 |99.9)110 |99.9| 50 |100 | 52 {100 |102 |100 
| Center.......| | 15 |22.3] 11 |15.9] 26 |19.1| 20 28.5} 6 |10.3| 26 |20.3 
queen | qos | quensenees | eens | queens jee lee jem | qe eens ene qumeeslqume/ qumsen lenses enunen lense 
| | } | | } 
6 A Daylight....| 10 17 | 1/1.9) 3] 5.3) 4] 3.7] 518.6) 4] 7.2) 9] 7.9 
6 Cc Blue.. | 75} 16 | 50 |98 0) 53 |94.6/103 |96.2) 53 |91.3) 51 - 7} 104 |92.0 
a es | * aemst as | . - } —_ | 
| | | r | | 
Totals.. | 51 99.9} 56 \99 9}107 |99.9| 58 loo 9] 55 |99 9/113 199.9 
| nec | | |] -- | |——|—— 
Center | 3] 5.5) 3] 5.0] 6| 5.3] 9 /13.4) 2] 3.5] 11] 8.8 
| | | | | | | | 








Daylight = Artificial Daylight. 


favored position, that is, at right angles to the most attractive 
light (blue). These tests indicate that the moths are probably 
blind to red. 

Orange: The orange screen used (Table 1) also had a high 
ratio of light intensity (190), yet very few moths were attracted 
to orange. The percentage that did go to the orange light was a 
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trifle higher than that which went to the red light. This may 
be due to the higher ratio of light intensity when compared with 
the red screen. A somewhat higher percentage of oriental 
peach moths than codling moths went to the orange light. 


TABLE 9. 
Response of moths to blue and violet lights opposite each other, (A and B) and 
at right angles (A and C) in the 4-way apparatus. 
See Plates XXIII and XXIV. 
























ORIENTAL Peach Motu CoptinGc Mot 

ia Ratio of Ms ark | ‘¢ 7 

Series} Comp Color Watts| 7, tensity | Female| Male | —— | Female| Male ; om 

ntensity | INec | inec 
ili sisi ca = = | sceesesattain 

No.| % |No.| % No.| % No.| % |No.| % |No.| % 
1 A Blue 75 | 16 38 |77.5| 52 |80.0| 90 |78.9| 37 |72.5| 47 |82.4] 84 |77.7 
I B Violet 75 | 1 11 |22.4] 13 }20.0) 24 |21.0) 14 [27.4] 10 |17.5} 24 |22.2 
Totals... 49 |99.9] 65 |100 |114 |99.9} 51 |99.9) 57 |99 9|108 |99.9 
ain Dccoaslhnenaned a 
| Center 519.21 415.7) 9/7 8| 19 |27.1) 10 |14 9} 29 21.1 
a | ee | ee | ee | cee |e | aes |coe| ce | ce | co | coe | co | co | cee) cm | es 
2 A | Blue | 75 16 44 |75.8) 37 |71.1| 81 |73.6| 42 184.0] 32 | 77 168.7 
2 ( Violet 75 1 14 |24.1) 15 |28 8) 29 |26.3) 8 |16.0} : 35 [31.2 
— - - — |l- |— | | —| —j| - 
Totals... 58 |99.9) 52 |99.9/110 |99.9| 50 [100 | 62 |99.9]112 |99.9 
a pliceinsel amen ane pous _ S aesinenell a 
. | “ | } | | } 
Center., | 11 |17.4] 16 |12.6) 10 |16.6| 6 | 8.8) 16 |12.5 
3 | A | Blue 22 |40 0| 44 [40.7] 7 |12.5| 5 | 8.1] 12 |10.2 
3 B Violet 3 |60.0| 64 |59.2| 49 |87 5) 56 191.8/105 |89 7 
Totals 53 |99 9| 55 |100 1108 |99.9| 56 1100 | 61 |99.9]117 |99.9 
| Center 8 113.1] 7 }11.2) 15 [12.1] 7 {11.1} 3} 4.6] 10| 7.8 
4 A Blue..... 25 5+ | 16 |28.0] 17 }28.8] 33 |28.4] 11 }21.1] 22 |35.3] 34 |29.0 
4 C | Violet 75 1 41 |71.9) 42 |71.1) 83 |71.5) 41 |78.8) 42 |64.6| 83 |70.9 
| Totals 57 |99.9] 59 |99.9]116 |99.9] 52 |99.9] 65 |99.9/117 |99.9 
- | | —| — 
Center 2| 3.3] 7 {10.6} 9 | 7.2) 13 |20.0) 10 |13.3] 23 |16.4 
5 A Blue | 10 2+] 1] 1.9) 2] 2.8} 3] 2.4) 1| 2.0) 5| 4.9 
5 B Violet 75 1 51 |98.0} 69 |97.1|120 97.5 | 49 98.0! 96 |95.0 
- -- —— | | | -| —| —| - - 
| Totals 52 |99.9| 71 }99.9|123 |99.9] 51 |99 9} 50 |100 |101 |99.9 
Center 1 | 1.8} 1 | 1.3} 2] 1.6] 10 |16.3) 9.0} 15 |12.9 
6 | A | Blue.........] 10] 2+ | 10 |18.8} 9 [17.3] 19 [18.0 5 | 9.8} 7 |12.2] 12 |11.1 
6 | C | Violet.......) 75] 1 3 |81.1) 43 |82.6) 86 |81 9} 46 |90 i 50 |87.7| 96 |88.8 
3 tenets ae | al J cect lfsmnsenesnsthcoeesinan lf asainell acesinperipemestian tl suriagnit eacencenn ieastiton 
Totals 53 99.9) 52 |99.9/105 |99 9} 51 |99 9 57 |99.9|108 |99.9 
dines ii < a a ene 
| 10 |14.9] 31 |22 3 
| | i 


| Center | 9 [14.5] 9 |14.7] 18 114.6] 21 }29.1 
| | | | | | ' 


Yellow: The yellow screen used in the light experiments 
also had a high ratio of light intensity (183). In Tables 1 and 5 
where an equal source of light was employed for all screens 
in a given test a goodly number (7 to 29%) of moths were 
attracted to the yellow light. This was particularly true of 
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the oriental peach moth. Where the light intensity of the 
yellow screen was made more nearly equal to that of red, 
green and blue (Table 5, Series 2 and 4) the attractiveness of 
the yellow light was greatly reduced. In series 2 and 4 where 
the yellow light was at right angles to the blue, it attracted 
more moths than when opposite the blue light as in series 1 
and 3. Yellow light was more attractive to oriental peach 
moths than to codling moths. 

Green: The green screen used in the tests had a low ratio 
of light intensity (15) when compared with red (126), orange 
(190) or yellow (183) screens. During most of the tests with 


TABLE 10. 
Showing relative ratios of light intensity and wave lengths (u) of screens and 
lights used in the experiments. 








| Ratio of 

No.|} Color Name and Number | Light Light Wave Length 
| Intensity Range, — 
ooo macnn Selenium red, G 24..... ...} 100-watt clear.. 126 635-740 
2 | Orange.. ....| Selenium orange, G 34...... 100-watt clear. 190 565-.740 
3 | Yellow.. Bae | Noviol C, G 38H... ...| 100-watt clear. 183 | 500- 740 
4 | Green..... ...| Grass green, G 401 C Z.....| 100-watt clear. 15 | 490-585 
1 ( 28 PO) 
DPI: cinccscvei oe / Dark blue, G 54........... 100-watt clear. 16 |} Po ies 
CIE cciccccesesivs | Violet, G53C.............] 100-watt clear. 1 | .375-.470 
7 | Blue purple ultra...... | Blue purple ultra, G 585 M | 100-watt clear. coe .335-.470 
8 | Red purple ultra ..... Red purple ultra, G 586 A..| 100-watt clear.. edad .840-.415 
9 | Artificial daylight..... Daylite, G 57............. 100 watt clear. 132 365-.710 
10 | Clear... ....csecceceveel seusceess ocdsvcesevecesenl SENOS CHORE, ews .340-.770 
11 | Resembles celluloid....| Cel-o-glass.............000: WING, occccces on 295-. 680 
SR MMR MINER. nei ois coeGd scanned ccsucthvecwnes<chans cl Me Bexccacsel es 230-.690 











the green screen the ratio of light intensity was figured to be 
about three times higher (43) than what.it proved to be when 
the screens were photographed. This error in calculating the 
ratios of light intensity was discovered too late for the repetition 
of many of the experiments; however, a sufficient supply of 
oriental peach moths existed for the experiments recorded in 
Table 6, where the green screen was compared with the blue. 
In Tables 1 and 5 very few moths are recorded as going to the 
green light. The blue and green lights in these tests have 
approximate ratios of light intensity, yet few or no adults 
went to the green light, while a large number went to the blue. 

In a publication by Harukawa (2) in Japan the investigator 
reports that oriental peach moths are attracted to green lights. 
The results in Tables 1 and 5 indicate that few or no adults 
go to green lights. Since this difference of findings existed, a 
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special comparison was made between green and blue as shown 
in Table 6. The green screen used in these tests permitted 
no blue rays to penetrate. In Series 1 and 2, where the ratios 
of light intensity of the green and blue were approximately 
equal, very few adults went to the green screen. Where 
the green light was made three times as strong as the blue, 
69 to 79 per cent of the moths still went to the blue (Series 3 
and 4). This corroborates our previous results. If a green 
screen is used which permits some blue light rays to penetrate, 
moths will be attracted to some extent to the green light. 
The above experiments with blue and green also substantiates 
the observation that a less attractive colored light (green) 
placed at right angles to a more attractive light (blue) attracts 
more adults than when placed opposite a more attractive 
light (blue). 

Blue: Several screens possessing a bluish tint were employed 
in the tests. The two screens used most extensively and 
reported on in this paper were an artificial daylight screen and a 
dark blue screen. The artificial daylight screen has a distinct 
bluish tint and the ratio of transmitted light intensity is high 
(132) while the blue screen is much darker and has a low ratio 
of transmitted light intensity (16). 

The artificial daylight screen in the experiment where seven 
colors were used (Table 1) attracted the highest percentage of 
moths, 42 to 54 per cent, while the blue screen came next in at- 
tractiveness, 28 to 32 per cent. In this test the light intensity of 
the artificial daylight screen was nearly 9 times that of the blue. 
A number of comparisons were made between the artificial 
daylight and the blue (Tables 2and 8). In the 8-way apparatus 
(Table 2, Series 4) and also in the 4-way apparatus (Table 8, 
Series 5 and 6) the results show conclusively that the blue screen 
is decidedly more attractive than the artificial daylight screen 
when the light intensities of the two screens are made approx- 
imately equal. In fact 77 to 100 per cent of the moths went 
to the blue light. 

The majority of tests show that a greater percentage of cod- 
ling moths select the blue light than of oriental peach moths. 
The tests in Table 8 also substantiate the statement that a less 
attractive light (artificial daylight) attracts more adults when 
placed at right angles to a more attractive light (blue) than 
when placed opposite such a light. 
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Violet: The violet screen used in the tests (Tables 1, 2, 7 
and 9) had the lowest ratio of light intensity of those calculated, 
consequently it was assigned the value of 1 and used as the unit 
of measure for all others. In Table 1 it will be noted that 
only a small number of moths went to the violet light, while a 
large number of moths went to the artificial daylight and blue 
screens. In this test the intensity of the artificial daylight was 
132 times as great as that of the violet and that of the blue was 
16 times as great. Tables 2 and 7 show a comparison between 
the violet and artificial daylight and blue. In these experiments, 
where the same number of watts of light were used as a source, 
the majority of the moths went to the artificial daylight or 
blue screens. Where the ratios of the light intensity were 
made more nearly equal, 64 to 93 per cent of the moths went to 
the violet screen (Table 2, Series 2, and Table 7, Series 4-6). 
Even in these tests where the violet was more nearly equal in 
intensity to the artificial daylight and the blue the intensity 
of the violet light was one-sixth that of the artificial daylight 
and one-fourth or one-half that of the blue light. 

In Tables 2 and 9 the blue and violet screens are compared. 
In the 8-way apparatus (Table 2, Series 5 and 6) the blue screen 
attracted the largest number of adults when similar light 
sources were employed, while in the tests where the ratios of 
light intensity were made more nearly equal (blue, 2 and 
violet, 1) practically all of the moths went to the violet light. 
In the 4-way apparatus (Table 9) results were obtained similar 
to those learned in the 8-way equipment. The blue was more 
attractive where it was 16 times as intense, but when the blue 
light was reduced so that it was only 2 to 5 times as strong as 
the violet, the majority of the moths went to the violet. The 
majority of the tests in Tables 2 and 9 indicate that codling 
moths select violet light more readily than oriental peach 
moths. Furthermore, in all but one of the tests in Table 9 
(the exception being oriental peach moths, series 3 and 4), the 
results substantiate the statement that more adults go to a less 
attractive light (blue) when it is at right angles to a highly 
attractive light (violet) than when opposite a highly attractive 
light. 

Other screens called blue purple ultra and red purple ultra 
were tried. These screens are much less transparent than the 
violet. Their intensity of visible light was not calculated, but 
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was made approximately equal as follows. When they were 
compared with the violet screen the electric light bulbs were so 
arranged back of each screen that when the rays of light came 
into the central chamber and struck a wedge of white paper the 
illumination on the two sides of the paper appeared to be equal 
so far as the human eye can estimate this. Tests were made 
with the screens opposite each other and in all cases the majority 
of the moths selected the purple ultra screens in preference to 
the violet. 

Ultra-violet: A few miscellaneous tests with oriental peach 
moths were made with light from a quartz mercury vapor 
(Uviarc) lamp. In one test the ultra-violet was compared with 
artificial daylight. The intensities of the two lights in the 
visible part of the spectrum were estimated and the lamps 
were placed opposite each other so that the visible lights reaching 
compartments A and B were approximately equal. ‘Cel-o-glass’ 
screens were used in the ends of the apparatus, instead of glass, 
so the ultra-violet light would be transmitted readily. In 
this test 75 per cent of the oriental peach moths went toward 
the light from the Uviarc lamp. In another group of tests 
the ultra-violet light shone through a purple ultra screen and 
the artificial daylight through a blue screen. Where the visual 
light intensities were approximately equal, 95 per cent of the 
moths went toward the light rich in ultra-violet. A few 
more tests of a similar nature were tried and in all cases the 
moths collected in the chamber lighted from the Uviarc lamp. 

These tests with ultra-violet light are not so extensive or 
inclusive as they should be, yet they indicate that ultra-violet 
light probably attracts oriental peach moths. If such proves 
to be the case with further tests the results will agree with 
Dr. Lutz’ (3) observations. He concludes that many species 
of insects see ultra-violet light and are attracted by it. 


FIELD TESTS. 


The oriental peach moth and codling moth in the orchard are 
crepuscular in their flight habits. Occasionally a considerable 
number of oriental peach moths may be seen flying about the 
trees in mid-day. So far as observed, daylight flights occur at 
the time when large numbers of spring brood moths are emerging 
and copulation is taking place. As a rule both species of moths 
are on the wing and depositing eggs about sunset or shortly 
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thereafter. Since the moths fly at dusk or in darkness it was 
thought that artificial lights might attract large numbers and 
reduce the population. This idea was given a thorough trial 
with the oriental peach moth several years ago by Mr. Weather- 
by, a well known peach grower located at Swedesboro, N. J. 

Mr. Weatherby placed in his 50-acre peach orchard a large 
number of electric lights for the purpose of controlling the 
oriental peach moth. These were 25-watt lights p!aced over 
round, shallow galvanized pans three feet above the ground. 
The pans were filled with water and covered with a thin film of 
oil (Plate XXVI). The lights were thoroughly tried for at least 
two seasons. During one of the seasons the senior author 
made frequent trips to the orchard and examined the captured 
insects for specimens of oriental peach moths. Thousands of 
insects were caught in the pans, but very few appeared to be 
oriental peach moths. At no time did they exceed two speci- 
mens per pan per collection. Many oriental peach moths were 
present in the orchard most of the season because large numbers 
were captured in bait pans which were used as checks. In 1926 
the senior author conducted some light tests in the same 
orchard after the grower had abandoned the light method of 
control. Ten of the lights were elevated to a height of ten feet 
so they would be more nearly on the level with the upper 
branches of the surrounding peach trees. Since most of the 
moths during their flight period are among the upper twigs 
and branches, this appeared to be a more favorable place for a 
light trap. The lights were increased to 75 watts; five of them 
were clear glass and five of them were artificial daylight glass. 
In the laboratory tests bluish lights were more attractive 
than yellowish lights, consequently they should have been 
more satisfactory for attracting moths in the orchard. 

The tests were conducted on two favorable nights. A goodly 
number of adults (25 or more per pan) were caught in the bait 
pans on these nights which proved that moths were abundant 
in the orchard. The lights were turned on at sunset and kept 
lighted until 10 p.m. During this period frequent visits were 
made to the ten elevated light traps and to ten light traps as 
the grower had used them. No oriental peach moths were 
caught in the light traps, but on one evening two adults were 
seen flying about bluish artificial daylight traps. These tests 
and the results obtained from two or more seasons’ experience 








=~ = 


~~ LLL cece 


1928] Peterson and Haeussler: Response to Colored Lights 


w 
~I 
w 


by the grower convinced us that oriental peach moths would 
not come to artificial electric lights in an orchard to any great 
extent. The very small number captured in the light traps 
did not warrant the large expenditure necessary to place a 
goodly number of electric lights in a peach orchard. 

The authors did not conduct any field tests with the codling 
moth. A few investigators (4, 6, 8, 9) report negative or un- 
satisfactory results in the experiments conducted with lights 
for capturing codling moths in the orchard. 


SUMMARY AND CONCLUSIONS. 


The authors appreciate the fact that this investigation has 
not been as thorough and as exhaustive as it might have been, 
yet, so far as the results go, most of the information which 
we were seeking was obtained. Since further work along this. 
line will not be conducted in the near future, we have decided 
to publish the more important facts learned. It is hoped that 
these may be of some assistance to investigators interested in 
this problem or those of a similar nature. The following are 
some of the more important conclusions. 

Oriental peach moths and codling moths seek the light side 
of containers in which they are placed. This indicates that 
they are positively phototropic under ordinary circumstances. 

When adults of both species, under laboratory conditions, 
are placed in pieces of apparatus similar to the ones employed 
in the tests the following responses occur. When all compart- 
ments, particularly in a 4-way apparatus, are equally lighted 
with white lights an equal (approximate) number of adults 
of both species will go into each chamber. When the compart- 
ments are unequally lighted with electric bulbs varying in 
strength between 10 and 100 watts, the largest number of 
moths will go to the strongest light. 

If moths of both species are given the choice of lights varying 
in color from red to violet and the ratios of (relative) intensities 
of the colored lights are approximately equal practically all 
of the moths will go to blue and violet colored lights. Few 
or no adults of both species are attracted by red light. Orange 
and yellow lights are also unattractive when compared with 
bluish lights. Green light, possessing no blue rays, is also 
unattractive. Violet light is preferred to blue and purple 
ultra lights appear to be more attractive than violet. It is 
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probable that ultra-violet light is seen by oriental peach moths 
and that they are attracted by it. Codling moths appear to 
be somewhat more positively phototropic to blue and violet 
lights than oriental peach moths. So far as observed the 
response of males and females of the two species to colored 
lights appears to be similar. 

The results in the 4+-way apparatus in the great majority ot 
the tests where comparative lights are placed opposite or at 
right angles to each other are as follows: When a weaker or 
less attractive colored light, X, is placed at right angles to a 
stronger or more attractive colored light, Y, a greater number of 
moths go to the weaker or less attractive colored light, X, than 
when such light, X, is placed opposite a stronger or more 
attractive colored light, Y. 

Very few oriental peach moths come to ordinary white or 
artificial daylight electric lights in a peach orchard. Electric 
light traps have been used by a fruit grower for two or more 
seasons and have proved to be of little or no value in controlling 
the oriental peach moth. 
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EXPLANATION OF PLATES. 


PLATE XXIII. 


Fig. 1. Four-way light apparatus closed. 


Fig. 2. Four-way light apparatus with covers and partitions removed. 


PLATE XXIV. 


Fig. 1. Diagram showing top view of eight-way apparatus and arrangement of 
compartments, A, B, C, D, E, F, G and H about center. X indicates 
location of round hole in center. 
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Diagram showing top view of four-way apparatus and arrangement of 
compartments, A, B, C and D about center. X indicates location of 
hole in center. 


Fig. 3. End view of one side chamber of four-way apparatus showing position of 
screen. 
Fig. 4. Outline drawing of one metal partition of four-way apparatus. 
PLATE XXV. 
Figs. 1-12. Spectra of glasses and lights used in the experiments taken with a 
quartz spectrographic camera. The light source in Figures 1-10 was 


a 100-watt, clear, Mazda, electric light, glass bulb, while in Figures 
11 and 12 the light source was a quartz mercury vapor (Uviarc) lamp. 


PLATE XXVI. 


Type of electric light trap used in field tests for the oriental peach moth 
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THE NESTING HABITS OF THE LITTLE CARPENTER- 
BEE, CERATINA CALCARATA. 


Puit. Rav, 
Kirkwood, Mo. 


The large carpenter-bee, Xylocopa virginica, is rightfully 
entitled to this name; the small carpenter-bee, Ceratina calcarata 
Robt.,* (Fig. 1), can furnish only part of the qualifications 
necessary to entitle her to the name. The former actually 
carves out with her powerful jaws new tunnels in the solid 
wood, grinding out sawdust as yellow and as real as any that 
comes from a steel blade. She seeks no soft or decayed portions, 
but cuts on into the sound wood with joyous vigor. The 
small carpenter-bee, so-called, burrows only into the soft 
pith of elder or sumac, and even then is able to use only the 
stems which have been cut or broken off, so as to afford her 
direct access to the soft pith within. If the soft portion is 
unexposed, Ceratina is unable to break through the ligneous 
wall and is obliged to seek another stem. Thus it is in only a 
very limited sense that this species may be called a carpenter- 
bee. The similarity of common name of the two insects might 
lead one to expect similarity in looks, but in their physical 
appearance there is all the difference of David and Goliath, 
the one large and powerful in build, the other small and delicate. 
That they find the stems which have been cut was proven 
by a little experiment. In the middle of June, 1918, a large 
clump of sumac at Meramec Highlands gave no evidence of 
harboring any of these bees within their stems. I cut off the 
tops of about one-fourth of them (sixty-five in number) to 
make a place which would be attractive to home-seekers. 
When I returned a month later, seventy-five per cent. of the 
cut twigs were occupied by Ceratina calcarata, and not one of 
those uncut contained an occupant. 

In this region sumac seems to be the most popular wood for 
the apartments of this species, although a few have been found 
in elder stems, two in sassafras, two in blackberry and two in 
the stems of horseweed, and about half a dozen in the cut 
stems of rambler roses. 


*Identified by Mr. J. C. Crawford. 
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I have never yet found evidence that this bee occupies the 
abandoned or disused tunnels of other bees or wasps; she seems 
to dig her own galleries new. This may be because she actually 
needs the agglutinated particles of pith for partitioning off 
each little room. With certain wasps, such as Trypoxylon and 
Odynerus, these partitions are made of mud carried from afar, 
which enables the latter to use to advantage empty twigs, and 
of course makes old houses attractive to them. 

The burrows are often ten to twelve inches deep; in other 
cases, even though the stems have equally great possibilities, the 
tunnels have been carried down to only two or three inches. 
The reasons or causes of these individual variations would 
make a most interesting study if it were possible to insinuate 
oneself that far into the high-walled realm of individual char- 
acteristics. I have never seen them excavating at close enough 
range to observe their method, but I suspect that they dig 
down to a suitable depth, and then when they are in need of 
material for partitions, bite out the pith which remains at the 
sides, perhaps mix it with their saliva, and work it properly 
into a partition. I think Mrs. Comstock’s* description of 
the methods of C. dupla could hardly apply to this sister species 
when she says that when ‘‘she has made a smooth tunnel 
several inches long * * * she brings back some of her 
chips of pith and glues them together, making a partition 
about one-tenth of an inch thick, which she fastens firmly to 
the sides of the tunnel.’’ Fig. 2 nicely shows such a tunnel 
and the partitions; the varying thickness of the pith on either 
wall reveals the probable source of the material for partition 
making. The Comstockst further say of their species: ‘‘ After 
the last of the brood has emerged from its cell, the substance of 
which the partitions were made and which has been forced to 
the bottom by the young bees when making their escape, is 
cleaned out by the family, the old bee and the young ones all 
working together. Then the nest is used again by one of the 
bees.’’ Experiments which will be described in the following 
pages show that the species under present consideration at least 
does not follow this method, neither does it use a twig a second 
time. 





* Handbook of Nature Study, p. 440. 1912. 


+ Comstock, J. H. and A. B. Comstock. A Manual of the Study of Insects, 
p. 669. 1901. 
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Howard,* in speaking of the bees of the family Ceratinide, 
says the nests are commonly found in brambles and the ‘‘cells 
are lined with a delicate silky membrane, and are separated 
from one another by mud partitions.’’ This is at least one 
member of that family to which those generalizations do not 
apply, since C. calcarata does not use mud for her partition 
walls, neither does she spin a silky lining. 

Each little room in the stem is provided with a pellet of 
greenish bee-bread, and a delicate egg deposited amid or atop 
the mass. The larva, upon hatching from the egg, feeds upon 
the provisions, and after a short time it assumes the pupal 
form, from which it gradually changes into an adult. An item 
of interest about this species is that, unlike most bees, they spin 
no cocoon, but remain naked in their cells, as shown in Fig. 3. 
I cannot at present account for this method of pupating without 
cocooning, but since early spring and winter collecting has never 
given me specimens in immature stages but always living 
adults, I suspect that they reach their maturity in the fall and 
do not then emerge but hibernate as adults. If this hypothesis 
be the correct one, and all of their immature stages are passed 
in the summer time, then the loss of the cocoon-spinning 
habit would be advantageous instead of detrimental, since 
additional warmth would not be necessary for the beeling, and 
the material and energy consumed in cocoon spinning could be 
saved. 

A small proportion of the immature bees under my observa- 
tion were parasitized by the minute Hymenopteron, Tetrastichus 
sp. [J. C. Crawford]. The proportion of parasitism was small; 
in one collection of ninety, only nine were parasitized. From a 
blackberry briar containing three larve, there emerged on May 1 
1918, two specimens of the parasitic Axima zabrisket How. 
[J. C. Crawford]. Another unnamed hymenopterous parasite 
emerged from one nest; it left no cocoon, but on one wall a 
bit of silken substance which was probably a vestige of the 
cocooning habit. Another parasite to emerge on May 1 was 
Foenus tarsatorius Say [|R. A. Cushman]. The interesting 
feature of this incident is that the parasite remained snug in 
the nest to complete its development long after the rest of the 
host’s family had departed. The twig was taken November 19, 


* The Insect Book, p. 8. 1903. 
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after the rest of the C. calcarata had departed; only the 
parasitized cocoon lay deep in the sawdust in the burrow. 
On March 30, it was examined and found to be a perfect yellow 
pupa with pigmented eyes. On May 1, it arrived at full 
maturity and emerged. The parasite Grotea anguina Cress. 
was occasionally bred from the nests of this bee.* That it isa 
parasite which can be very harmful to this species is evidenced 
by the following: <A twig with a long nest of C. calcarata had 
near the top one individual that was parasitized by G. anguina; 
the parasite had spun its cocoon, and when the eleven bees 
below had become adult and had worked their way upward, 
they were unable to pass this cocoon, and all of them had died. 
The mandibles adapted to working in soft pith had not the 
strength to break through so firm an obstruction, and so while 
Dame Nature intended only that one bee should serve as host 
to this parasite, actually a dozen gave their lives for it. 

I first came upon these bees in August, 1917, when I sought 
shelter from the rain under a porch. It was between two and 
three o'clock in the afternoon, and I amused myself by splitting 
open some of the dead stems of the red rambler roses climbing 
overhead. Several of these stalks contained nests and a number 
of bees which, as I thought at that time, had congregated 
there for the same practical purpose that had so hastily brought 
me thither. One twig, with a tunnel six inches long, contained 
twelve bees, and at the bottom were three larve, all mixed up 
among the broken particles of pith partitions. Another stem 
harbored five adults with no larve, and other stems contained, 
respectively, three adults and no larve; two adults; three adults 
and two larve; six adults with two larve at the bottom. The 
adults were always in the upper part of the twig, the larve at 
the bottom, half buried among the broken fragments of the 
pith walls, without form or order. This was indeed a baffling 
puzzle. Explanations could be only hypothetical until direct 
observations were made. At first it seemed plausible to 
think that the larve, after having eaten their allotment of bee- 
bread, attacked the roof above, which eventually fell in and 
caused the resultant confusion, and that the presence of the 
many adults in the space at the upper part of the tunnel could 
be accounted for by the simple fact that the sky was at the 


* Trans. Acad. Sci. St. Louis, 24: 43. 1922. 
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time darkened by the storm and they had probably retired 
as at twilight time. Lulled into indifference by this satis- 
fying explanation, I made no further effort at investigation 
until I came across the account by the Comstocks, and then 
attempted to verify their observations. They had evidently 
opened many twigs containing nests of a Ceratina bee, C. dupla 
by name, and had always found many adults in the tunnels, 
with young in various stages of growth. They interpret this 
condition as follows: The small carpenter-bee ‘‘always selects 
a twig of soft pith, which she excavates with her mandibles, 
and so makes a long tunnel. Then she gathers pollen and puts 
it in the bottom of the nest, lays her egg on it, and then makes 
a partition out of the pith chips, which serves as a roof to this 
cell and a floor to the one above it. This process she repeats 
until the tunnel is nearly full, then she rests in the space above 
the last cell and waits for her children to grow up. The lower 
one hatches first, and after it has attained its growth it tears 
down the partition above it, then waits patiently for the one 
above to do the same. Finally after the last one in the top cell 
has matured, the mother leads forth her full-fledged family in a 
flight into the sunshine. This is the only case known to the 
writer where a solitary bee watches her nest till her young 
mature.’’ Despite the fact that this account gives no actual 
data upon which the story is based, since it is an account of the 
only bee showing a transition stage between those bees that 
daily feed their young and those which close their cell after 
placing within it an egg and a supply of food, and then leave it 
for all time, this statement has been widely quoted. The 
observations of the Comstocks are satisfactory, but until more 
data are forthcoming to substantiate this beautiful story of 
maternal solicitude, I shall suspect that the conditions for 
C. dupla* are the same that I am about to describe for C. 
calcarata. 

A burrow of this bee penetrated to a depth of eight inches in 
a sumac twig, and was divided into chambers up to within an 
inch and a half of the orifice. The twig was taken on June 28, 


* To show the necessity for correct and full observation on insect behavior, 
I would point to the fact that on the strength of the Comstocks’ contribution on 
Ceratina Jordan and Kellog, (Evolution and Animal Life, p. 383, 1908), have given 
it a position midway between the social and the solitary bees, by reason of its 
gregariousness, while the statement is that she merely waits in the upper portion 
of the nest for the young to become adult, and then leads them off. 








2 es 


1928] Rau: Nesting Habits of Ceratina 385 


at 2 p. m., split open. The mother was in the anteroom near 
the opening, at the bottom of which was a small mass of com- 
pressed pollen. There was no egg; the mother was evidently 
provisioning another cell when I interrupted her. In the three 
cells immediately below this were young ‘arve feeding on 
pellets of pollen. Below these topmost three cells were nine 
other cells and their occupants whose feeding activities were 
over; the degree of development of the organisms increased 
progressively with the distance from the top of the tunnel. 
This gradation from the first cell to the last was very marked 
and clear-cut, and proved at a glance the chronological order 
of the deposition of the eggs. Of these nine cells, the uppermost 
three (adjacent to those containing the minute larve) showed 
larve which were full-grown, but of decidedly larval morphology. 
The next three cells contained larve which were just beginning 
to assume the pupal form by a constriction about the region of 
the neck, which showed them to be a little older than their 
brothers in the three cells above. The last three cells disclosed 
occupants in the first stages of pupa! development. This 
little mother had completed twelve cells and was at work on 
her thirteenth when I| interrupted her. The development of 


‘the larve, occurring as it did in groups of three, shows con- 


clusively that, in the case of this individual at least, three cells 
were made at about the same time; perhaps each definite group 
of three cells represented the work of one day. 

While the pupz in the lowermost cells were rapidly develop- 
ing into adults, the mother was still at work making and pro- 
visioning cells in the remaining space above. It is easy to 
foresee that one of two things must have happened if they had 
been left to nature: either the mother would have finished 
the tier to the top of the stalk, and would have departed before 
the first adults emerged, or the first adults would have emerged 
from the bottom cells and put a stop to any further partitioning 
by their intrusion. In any event, a difficult situation loomed 
ahead. 

In order to convince myself that this nest was typical, 
and that the details recorded were not exceptional or accidental, 
let me similarly scan the next nest which came under my 
observation. This stem which proved worthy of further study 
was taken at Wickes, on June 28, the opening plugged with 
cotton to keep any of the inmates from escaping, and two days 
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later it was opened and the contents studied. The mother 
Ceratina was found in the upper or undeveloped part of the 
tunnel. The burrow was twelve inches deep; the top four 
inches was still an unpartitioned gallery, while the lower eight 
inches contained fourteen cells, and like those described above, 
all cells showed progressive development of the young in 
relation to their depth in the tunnel. This gradation again 
seemed to be in series. The top four larve had completed their 
feeding, but were still typical larvae; this series of four was, 
I take it, the mother’s work of one day. The next four below 
these were perfectly formed pupz; this constituted the next 
definite group. The three cells below these also contained 
pup, but they were in a higher stage of development, as was 
indicated by the pigmentation of the eyes. Even here the 
pigmentation was not entirely uniform, but that character, too, 
formed a progressive series; the upper one of the three was 
only slightly pigmented to a light shade of brown, the second 
one to a deeper shade of brown, and the third one to a very 
dark brown. The three in this series were distinct enough 
from the others to be precisely marked off as a definite part 
of the mother’s work. In the lower three cells the pup# were 
completely developed having the legs, mouth-parts, etc., 
completely formed, and all parts of the insect except the 
appendages completely melanic. The partitions, which were 
composed of finely chewed pith tightly packed, gave no evidence 
of having been moistened with saliva. They were of variable 
size; one with a good magination can readily picture the 
utility of this variation. Starting from the bottom, I found 
the lowermost three cells with occupants in one stage of develop- 


ment. The two plugs of pith between these three cells were. 


each only one-eighth inch thick, while over the third cell, 
which probably ended the day’s work, the plug was just twice 
as thick. This might be interpreted to indicate that after her 
day’s work of filling three cells, she made the night plug extra 
heavy for the sake of safety. In the next series of three cells, 
the size of the cells did not correspond with the group, for here 
the plugs between the cells were one-half and one-eighth inch 
and the upper one one-fourth inch thick. The next four cells 
having inmates in the same stage of development showed the 
plugs to be one-eighth, one-eighth, one-sixteenth, and the top 
or night plug was seven-sixteenths inch thick. The top four 
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cells which constituted the last group had partitions one-half, 
one-eighth and one-fourth inch thick, while the night plug 
was in this case one inch thick. Thus in three out of four series, 
we see what I call the night plug thicker than the walls between 
the cells made during the day. This fact might be correlated 
with some problem of instinct or of intelligence; the varying 
sizes of the walls might be entirely accidental, or they might 
be correlated with the amount of pith available from the sides 
of the tunnel; at any rate, it is a problem that invites further 
investigation. 

But the many details in the structure are delaying us in 
arriving at the exciting part of the narrative where we shall 
presently see just how these young emerge and overtake the 
mother at her work. 

In order to study the movements of these new adults as 
they emerged, the twig was carefully split, the larger portion 
containing the nest and young was retained, and strips of mica 
were cemented along the side with Canada balsam, thus keeping 
the young from falling out and preventing them from emerging 
by any way except the normal one, and making the movements 
of each individual open to my view whenever desired. When 
the twig was not under observation, it was kept under a bell-jar 
in complete darkness, in an upright position, in imitation of its 
condition in nature. 

Three days later, on July 3, the four lowermost bees had the 
wings completely spread, but they made no effort to emerge. 
They were examined at 7 a. m. on July 4, and at the same hour 
on July 5, and still no effort had been made to get out, but at 
11 p. m. the bees in the two lowermost cells had removed the 
ceilings over their heads and had tightly packed the pith into 
the bottom of the lower cell, and the third bee appeared ready 
to remove the wall above it. Close examination showed, 
however, that what actually took place was this: The first bee 
(the lowermost) broke the roof over its own head, packed down 
the ruins in the bottom of the cell, pushed its way ahead of 
No. 2, and worked No. 2’s body lower down while No. 1 worked 
at the roof over No. 2’s cell. In the interval No. 2, having 
become mature, was ready to assist by kicking and pounding 
down the pith which No. 1 threw down to it from above. At 
this point I found No. 1 ahead of No. 3 and about to wreck the 
third roof with No: 2 close behind him, while No. 3, nearing 
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maturity, was down lowest in the gallery. This gallery was 
now a lengthened cell, with the three inmates in close proximity, 
and tightly packed in the bottom were the chips of powdered 
pith which had formed the partitions. Perhaps the monotony 
of the wait was minimized by the fun of tossing the roof material 
down from one to the other as the pioneer gained her way 
upward. 

The bee in cell No. 4 died as a result of contact with a drop 
of the Canada balsam. The next morning, July 6, showed that 
the fledglings had been at work during the night (it seems quite 
reasonable that they should work at night as readily as by day, 
since they had never yet seen the difference between darkness 
and light), making their way through the pith partitions, and 
were then 1°4, 4!4 and 6 inches respectively above dead bee 
No. 4, and they were still at work kicking back the broken pith 
in relays and packing it down at the bottom of the gallery. 
During the night six living pupe had been passed by the 
leader, No. 1; four had been passed by No. 2, and two by No. 3. 
As the pith was kicked down to regions below, the pupz were 
gotten out of the way in like manner, but they were quite 
uninjured as their later growth proved. In some cases the 
pupz were pulled down and loosely laid in place; in others 
they were nicely packed with soft pith chips surrounding 
them, yet they all survived these vigorous treatments. 

When these emerging bees worked in close quarters, the 
front legs brushed the pith to the hind ones, then the abdomen 
light y and carelessly packed it. When the distance was 
great between the roof that was being broken down and the 
rubbish-pile below, the bee kicked off a quantity with the front 
legs and brushed or pushed it down to the pile by walking 
backwards against it. When they came upon a pupa they 


seemed to know the difference and acted accordingly. One bee: 


brushed the living pupa clean, cleaned away the pith powder 
from under its body, pulled it forward a little way and again 
brushed the rubbish from under its body, shifted it back once 
more to clean in front of it, then cleaned the body itself with 
utmost care and pulled it down as far as possible on the soft 
bed of pith. This pupa was especially soiled and disheveled, 
since two other adults had already scrambled over it, but this 
insect, playing the role of big sister, soon made it tidy. She was 
so thoroughly methodical in her work that she certainly looked 





a 





a 


1928] Rau: Nesting Habits of Ceratina 389 


like a good housewife when she pulls the bed out from the 
corners to clean beneath. 

During the next half-hour the two followers made rapid 
work and caught up with the pioneer; all three were in one 
large cell. As they worked through the walls, much of the 
pith adhered to their bodies, and their progress was often 
interrupted with toilet-making. 

July 7, Nos. 1, 2 and 3 were still in the same place, and 5 and 
6 were becoming black, which meant that they were becoming 
mature. There were no movements in the positions of the 
first three that day; perhaps the leader was fatigued and the 
others, already accustomed to depending upon her, declined 
to take the lead in the work. 

July 8, at 10 p. m., one of the bees, probably No. 1, had 
pene‘ rated the last wall and was in the large gallery at the top 
of the stalk. The large cell below contained three adults, 
one of which was undoubtedly No. 5, which had become mature 
and was also trying to reach the sunlight. 

July 10. After two days the conditions were precisely the 
same, No. 1 in the gallery, and the three others in the larger 
chamber below; this was a relatively long period of rest. The 
next morning at 7 o’clock, I found all four in the top ante-room 
(gallery) and by 9 o’clock two had crawled entirely out of the 
stem and were on the floor of the jar, and three were in the 
vestibule ready to come out. Thus the first ones of this family 
saw the light just eight days after they started on their journey 
upward. A few days later the entire nest was left exposed to 
the normal light of the room, and as the others matured they, 
too, came to the top gallery, rested a while and then crept out 
into the open. As more and more of them completed the jour- 
ney, the pith in the bottom became more tightly compressed 
and the last traces of the partitions disappeared. Much time 
was spent in fraternizing during their periods of rest in the 
twig, and one wonders about the probability of mating at these 
times. 

It is clear at once that the emergence of this species is not 
the same as that described by Comstocks for C. dupla. C. 
calcarata does not patiently wait for the inmate above it to 
tear down the wall, but the first to become adult is the first to 
leave the parental abode by pioneering every inch of the way. 
May it not be that what Comstock saw was the adult young 
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bees, and possibly their mother whom they had overtaken, 
in the gallery at the top, while down below were her immature 
young ones? It is quite natural that this should lead him to 
conclude that ‘‘she rests in the space above the cell, and waits 
for her children to grow up.”’ 

Fabre, in trying to explain certain phenomena in the 
emergence of twig-dwelling bees, calls to his aid such speculations 
as the insect’s fine adjustment to gravity, the insect’s fine 
adjustment to atmospheric pressure, etc. If it were necessary 
for us to call in any aid for an explanation of the emergence of 
C. calcarata, we could suggest nothing more or less remarkable 
that simple ‘‘common sense.’’ Some would say this behavior 
was simply instinctive; doubtless it was so in its essentials or 
foundations, but its variations seemed to me intelligent, as the 
term can be applied to insects. The method of the pioneer 
waiting for about three days before starting, the periods of 
rest, the fraternizing, the way of kicking back the pith in 
relays, the method of moving the pupz, all showed, even 
though in only a slight degree, something different from 
unobserving, iron-clad instinct. 

Cf course it seems strange that the lowermost wasps should 
be the first to emerge, and should do so not by biting their way 
out of the side wall of the twig, not even by squeezing through 
and walking over the bodies of their infant sisters, but by a 
process of displacement, gradually shifting the material behind 
them as they make their way to the top. Dufour* found in the 
wasp Odynerus rubicolus that the last-built cradle yields the 
first-born child. With the bee, Osmia tridentata, Fabre finds 
that there is absolutely no order to govern the sequence of the 
hatchings; the first cocoon to burst may be the one at the bottom 
of the tube, the one at the top or any between. He goes on to 
say that the eggs are laid in their respective cells at intervals 
of a few days or a few hours; “‘how can this difference in age 
affect the total evolution [cycle] which lasts a year?’’ He 
further assures us that for this species, as well as Osmia detrita, 
Anthidium scafulare, and the wasp Solenius vagus, the ‘‘chrono- 
logical sequence ‘of the cells tells us nothing about the 
chronological sequence of the hatchings which take place 
without definite order.’’ For the insects with which Fabre 


* Quoted by Fabre, Bramble Bees and Others, p. 13. 1915. 
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worked, this may be absolutely true, but one must bear in 
mind that among insects not every generation spends an entire 
year in development, and in species which have two or three 
generations a year, those generations which go through their 
life cycles in the summer time have the various periods com- 
paratively short. We know that in various species, Bembex 
nubilipennis, Entechnia taurea, Anthophora abrupta, etc., in 
spite of the variable period of egg-laying, all of the adults emerge 
simultaneously, but these are insects which winter over and 
spend the cold period in immature stages, but in this species 
(C. calcarata) the insects winter in the adult stage. Comstocks 
say the same for Ceratina dupla. Hence these bees go through 
their developmental stages in the summer time, when tem- 
perature and other conditions accelerate growth, and perhaps 
there are fewer detriments to cause set-backs or variations in 
the growth. In Fabre’s accounts, he fails to tell whether he 
experimented upon summer or winter broods. Perhaps, for all 
we know, when he says that the ‘‘chronological sequence of the 
cells tells us nothing of the chronological sequence of the 
hatchings,’’ he has been working with organisms that have been 
so modified or confused by freezings and thawings that the 
poor things emerged as best they could without regard to 
chronological sequence. If we could get the same species in 
the summer generation, where the cycle is short and the inter- 
ruptions fewer, may not the chances stand in our favor that 
they would emerge in the order of deposition of the eggs? 

To summarize, then, C. calcarata emerges in a very orderly 
fashion; the first to become adult has the burden of the task of 
road-building, while those to mature later in the nest are the 
pampered children; they little know how much harder it is to 
be the eldest of the family; since when they see the light of day 
very little work remains to be done. If their methods of 
emergence were due wholly to instinct, then we might justly 
expect to see that instinctive urge or impulse express itself in 
making the beeling want to bite with its jaws and scrape with 
its feet at the partitions, to tear or kick at something. Instead, 
each insect does what is needed at the moment, and proceeds 
in the most practical way to liberate itself. The first to hatch, 
after waiting a few days, and finding no release, proceeds to 
work its way out by sheer strength. Others follow, with less 
necessary toil, until the last few have nothing to do but to 
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follow the open path. There is no long waiting, except for the 
pioneer, no violence which would be injurious to the larve. 
To clinch the proof that individuals use their judgment, or 
at least digress from custom (which in itself certainly requires 
initiative), and do not attempt to get out by a method blindly 
instinctive, I closely watched one pioneer which first attempted 
to bite her way out through the side of the stem, but, finding 
the ligneous wall too tough for her jaws, worked upward and 
out. In another similar case, a female died of exhaustion in 
her efforts to bite a way out of the side wall. I, too, saw no 
promiscuous emergence, but development and emergence 
occurring in beautiful order, from the bottom upward, or from 
the eldest to the youngest. 

Fabre experimented on the three-pronged Osmia, Osmia 
tridentata, which are normally found in an upright position, the 
opening on top, from which the adults emerge. He hung the 
twigs inverted, with the orifice at the bottom instead of the top. 
In some of the twigs, the heads of the cocoons were turned 
downward, toward the opening; in others they were turned 
upward, toward the closed end; in still others, the cocoons 
alternated in direction—that is to say, they were head to 
head and rear to rear, turn and turn about. The results were 
identical in all these tubes; if the bees had their heads pointing 
upward, they attacked the portion above them; if their heads 
were directed downwards, they turned around in their cells 
and set to work as usual, directing their work upward In 
short, the general outward trend was toward the top, regardless 
of the position of the cocoon. Fabre theorizes after this 
manner: ‘‘We see manifestly at work the influence of gravity, 
which warns the insect of its reversed position, and makes it 
turn around. In natural conditions, the insect has but to 
follow the counsels of gravity which tells it to dig upwards. 
It goes toward the top where there is no outlet and perishes.’’ 
What would happen if Fabre’s artifices were too narrow to 
permit turning around is not known, but in some simple experi- 
ments with C. calcarata I found results quite at variance with 
those just quoted. 

With C. calcarata, the pupe are naked, and it has been 
observed that invariably when the bramble is left in the natural, 
upright position, the organism pupates with its head upwards, 
but if after these insects are in the pupal stage the stem is 
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inverted, all of the bees as they mature will have their heads 
downward, still toward the opening. The question arose, how 
do they get out? Are they influenced by the laws of gravity 
and do they attempt to work upward, or do they merely follow 
their faces and work downward until they reach the open air? 
If they do so, is it because they are influenced by atmospheric 
pressure, as Fabre would say, or is it because they have no 
alternative but to follow their noses because their cells are too 
narrow to permit their turning around? The results of the 
following experiments will help to answer these questions. 
One side of the twigs was carefully cut away and replaced 
by mica glued to the edges of the wood, thus leaving the nests 
intact and the occupants undisturbed but exposed to clear 
view. The twigs were then inverted and placed in mason jars. 
Nest No. 1 contained six pupze which became adult about 
July 1t. By July 27, all of them had left the twig by working 
their way forwards and downwards out the open end. They 
did not turn around to reach the blind top, neither did they 
even appear to fry to travel backward or direct their course 
away from gravity, but went forward, and from all indications 
they followed the same method as they do when emerging 
from twigs in the normal position. In breaking away the 
partitions as they advanced downward, they carried the debris 
up by walking backwards, and packed it overhead. Further- 
more, they somehow contrived to compel it, against the laws of 
gravity, to hold on the ceiling until a pack of powdered pith 
two inches deep was formed there. The younger sisters in 
the nest, not yet mature, were also in the usual way moved 
back and embedded in this pack of pith chips at the roof. 
Here at least certain actions were directed to certain needs. 
When an animal’s instincts are definitely misled, then we may 
pretty well judge whether the resultant behavior displays only 
instinct in turn, or whether it shows distinct evidence of some 
more plastic psychological reactions. Thus, while instinctively 
the emerging insect worked her way upward and freely kicked 
the pith below, under new circumstances she was able to work 
her way downward and at the same time laboriously carry all 
of her debris upward and pack it above her body. Really 
now, if man were suddenly called upon to perform a _ pro- 
portionate feat of conformity to new and mysterious circum- 
stances in living or thinking, methinks the current magazines 
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would be full of expressions of astonishment and adulation at 
The Wonderful Accomplishments of Man, or The Dawn of a 
New Era! 

Nest No. 2 contained eight immature bees. On July 24, 
most of them were in an advanced stage of development, and 
four were already moving downward and forward. They had 
great difficulty with the broken pith; it was very dry, and fell 
often and seriously obstructed their way and impeded their 
progress. Just six days later the first one was out on the 
floor of the jar, while most of the others were in the vestibule 
at rest, and the last ones were in the gallery, making an effort 
to escape by struggling through the drift of powdered pith 
which had again fallen and lightly filled that portion. This 
family was not so successful as the previous one in making the 
pith remain in a pack at the top. Whether this difference 
was due to some peculiarity of the stem or to some difference in 
manipulation, nevertheless they showed some individuality 
of method and pushed on until they gained their goal. Not 
one of them attempted to go upward. 

Nest No. 3. This twig had nine young bees. These 
obligingly verified our foregoing observations in every detail; 
the eldest started the procession and blazed the way toward 
the opening which was turned downward. Just ten days were 
required for the exodus of the entire family. 

Nest No. 4. This stem containing twelve pupz was also 
inverted in its jar. All of these also worked their way out 
of the nest by moving downward, burrowing through the loose 
pith after they had broken it up, and sometimes attempting 
to pack it in place behind and above them. This twig, like the 
others, was covered with mica. At one point, where the eldest 
organism lay, the mica did not fit closely, so a piece of cotton 
was tucked in the crevice under the edge, to prevent its escape. 
That the pioneer attempted to get out by this way was proven 
by the fact that small pieces of this cotton were found all along 
the inside of the tube where she had kicked it after biting it 
away. To be sure, she was not successful in her new departure, 
but it shows at least that she did vary her behavior according 
to the conditions, and that she was not helplessly bound by 
blind instincts. 

To describe the other nests which were similarly tested 
would be merely to repeat the above details. 
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Thus we see in these simple experiments that the young bees 
when inverted go downward to their exit, even under increased 
difficulties. Fabre, soliloquizing upon the diverse results 
which he got in similar experiments upon Osmza tridentata and 
Anthidium goes on to ask: ‘‘Must we take it that the two 
sorts of. bees are not equally sensitive to the influence of 
gravity?’’ I can only reply that we must take it that the two 
kinds of insects react differently, and that Ceratina calcarata, 
in addition to the other species, reacts in a way to defy all 
consideration for gravity. 

A simple explanation for Fabre’s bees might be, however, 
that the Osmia were in roomy quarters and were able to turn 
around, hence their own doom, while the Anthidium, being in 
close quarters, could do naught else but go forward. The 
question of gravity or of atmospheric pressure may not be 
correlated at all with the results. 

In July two twigs containing twelve immature bees (pupz) 
were exposed, with one side of the twig covered with mica, 
to the ordinary light of the room. Despite the fact that the 
organisms were not covered with a cocoon, and that they 
were accustomed only to darkness, all of them came to maturity 
in due time in perfect vigor. 

There are evidently two generations each year. Two 
stems with single adults were taken June 16, 1917; three stems 
with single females were found on May 28, 1918. These were 
the mothers just beginning to nidify. A large number of nests 
taken between June 8 and July 29 gave us families in various 
stages of development, and several twigs gave forth adults 
from July 12 to 20. This group I take to be the first generation. 
The insects of the second generation, as my notes show, came 
to maturity some time in August. During the winter months, 
the hibernating adults were found in the twigs. This occur- 
rence of two generations a year gives them a certain advantage 
over their parasites, Tetrastichus sp., which apparently has but 
one generation a year. In Tower Grove Park, St. Louis, on 
November 15, 1918, twelve bees were found crowded in one 
hollow stem. The twig and group were kept intact in the 
laboratory, and the majority lived until spring. I have 
repeatedly found them deep in the hollows of the sumac twigs 
near Cliff Cave, Mo., usually a number of them huddled 
together. On April 21, however, I found a number of them, 
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each alone in a single stalk; it seems that at this date in the 
spring dissemination had begun, but they still sought shelter 
from the chill of mornings and evenings in the old burrows, 
since they had not yet begun their own. Another lot was 
found at Wickes, Mo., on April 23, showing precisely the same 
circumstances. I think they were not in these old weather- 
worn burrows for any purpose of nidification, but that they had 
merely crept into the first at hand for a night’s shelter. All of 
the insects found thus were large for this species; hence I 
suspected they were females. They also have a way of creeping 
into the twig tunnels to spend the nights in the summer time; 
sleeping males were found snug in the stems from May to 
September. Some of both sexes which were taken in September 
lived in a vial without food for three weeks, which gives one an 
indication of their hibernating tendencies. In summer many 
of them were kept alive upon the juice of fresh plums placed in 
the cage. 

I have said in an early portion of this work that the bees 
do not follow blind instinct in biting their way upward, but they 
often attempt to get out by a side wall. I have also said that 
this bee has not the power to bite its way into the cambium of a 
twig, but must wait until it finds a stem broken off and with the 
pith exposed. I now want to bring out the fact that even when 
they find a suitable twig, they are not led by blind instinct 
to dig down vertically into it, but the downward direction is in 
all probability the result of trial and error, for very often we 
find burrows begun by these bees that are made horizontally 
instead of vertically, and then, when the cambium on the 
opposite wall was reached, the twig was abandoned. Fig. 4 
shows where two attempts were made in the wrong direction, 
the project then abandoned. 


EXPLANATION OF PLATE XXVII. 
Fig. 1. The little carpenter bee Ceratina calcarata. X 4. 
Fig 
Fig. 


The nest of Ceratina calcarata with larve removed. Natural size. 


The cells of Ceratina calcarata, each containing a naked pupa. (Slightly 
reduced). 


Fig. 4. Bad attempts at burrowing by Ceratina calcarata. (Enlarged). 
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NOTES ON THE BIOLOGY OF GNOPHOMYIA LUCTUOSA 
OSTEN SACKEN, WITH DESCRIPTIONS OF THE 
IMMATURE STAGES. 


J. SPEED ROGERs, 


Department of Biology, University of Florida. 


Gnophomyia luctuosa is a characteristic crane-fly of meso- 
phytic hardwood forests of the southeastern United States. 
Its known range extends from the vicinity of Washington, 
D. C., westward to southern Indiana and southern Illinois and 
south to southwestern Oklahoma and throughout Florida. 
Outside of the United States this same species has been reported 
from Central America and Colombia. 

The adult flies are often seen resting upon or walking about 
the shaded lower trunks of living hardwood trees. Beech and 
magnolia (Magnolia grandiflora) are the trees most frequented 
but sweet gum, red bay, black gum and various oaks are not 
uncommon haunts. In any case the flies are to be referred 
to an individual tree rather than to a broader habitat. Sucha 
tree will be inhabited year after year and one may find from a 
dozen to several score adults at the proper seasons. I have 
checked this on two trees in particular: one, a beech in southern 
Indiana, was visited in 1919, 1921, 1922, 1924, and 1927, and 
each time yielded records; the other, a magnolia on the Uni- 
versity of Florida Campus, has been visited each spring from 
1922 to 1927 and G. /uctuosa has been taken each year. A 
number of other trees have been visited for two or three suc- 
cessive years and have shown the same recurrence of adults. 

When the tree grows in a moderately open situation where 
the trunk is exposed to considerable light, the flies are usually 
quiet during the day, resting on the more shaded portions of the 
trunk or in crevices of the trunk or exposed roots. With the 
approach of dusk they become more active, and move about the 
trunk with a steady and energetic walk that is characteristic of 
this species. Although both sexes are present, most of the 
movement is on the part of the males and seems to take the 
place of the swarming flight noted in many other species of 
crane-flies. Most of the movement is confined to the lower 
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four or five feet and often to one side of the tree trunk, par- 
ticularly if this side presents an area of mossy bark. Individ- 
uals frequently arrive at or leave the trunk in a quick, 
inconspicuous flight. Usually the flight is to adjacent shrubbery 
where the fly alights on the underside of a leaf. On several 
occasions flight was traced to nearby flowers such as elder and 
wild jasamine. 

Copulation has been most often noted on the surface of the 
trunks. When the walking about of the male brings him into 
contact with a female, copulation is at once attempted and often 
takes place without flight and with a minimum of preliminary 
skirmish. Frequently, however, hold is not so quickly obtained 
and the pair will half walk, half fly along the surface of the tree 
until hold is accomplished, when they will come to rest again 
on the trunk, facing in opposite directions. Now and then the 
scrambling flight carries the pair to a nearby leaf and they 
alight upon whichever surface they come in contact. If 
disturbed, the female takes flight readily, towing the inactive 
male behind. 

Few observations have been made on the feeding habits of the 
adults. They have been taken from the flowers of wild jasa- 
mine, elder-berry and lizard’s tail, but actual feeding was not 
observed. A number of individuals have been noted with their 
mouth-parts applied to the sweetish rotten wood mentioned 
below, as the habitat of the larva. 

Both males and females are taken sparingly at light. The 
few light records are, I believe, due rather to the flies not 
ranging far from their trees than to a failure to respond positively 
to artificial light. Flies released from their breeding cages at 
night fly to the laboratory lights, and during the day respond 
positively to faint light. The rearing cage consisted of a box 
10 by 10 by 10 inches, painted dull black inside and with the 
only opening a one and a half inch hole that led into a pint 
mason jar. In this apparatus the adults took a resting position 
within the box close to but not actually in the opening. 

Ovipositing females have been noted on two occasions. 
The first time a number were seen on the scurfy and mossy 
bark of a red bay, walking about on the lower trunk and the 
huge, gnarled roots. An individual would stop her walk to 
thrust her ovipositor deep into a fissure in the bark; after an 
appreciable pause the ovipositor would be withdrawn, appar- 
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ently with an effort, and a second or several more eggs be 
deposited in the immediate vicinity of the first one, then the 
fly, after several minutes rest, would walk some inches away 
to repeat the process. Eggs were not secured and no larve, 
pupez, or pup skins could be discovered about the area in 
which oviposition took place. Later observations make it 
seem likely that the minute crevices, where the eggs were 
deposited, extended into patches of decayed wood beneath the 
bark. The second instance was a case of ovipositing in the 
layer of waxy, rotten wood that lined the hollow trunk of a 
sweet gum. This cavity was very dimly lighted, but by using 
a flashlight several individuals were seen with their ovipositors 
inserted in the waxy mass. Numerous other individuals, 
both males and females, were at rest in the darkened cavity. 
The wet, waxy, rotten wood that adhered to the walls of the 
hollow interior was found to contain large numbers of larve 
and pupe. A lump of a couple of cubic inches would often 
contain a dozen or more larve and pup. This rotting stuff 
was of an almost putty-like consistency, was but slightly 
fibrous and quite sticky. It had a reddish brown color, was 
slightly sweet to the taste and had a slight but evident odor 
of fermentation. Squeezed in one’s hand a slight amount of 
brownish fluid could be obtained. A sample submitted to 
Mr. Erdman West, of the Florida Agricultural Experiment 
Station, was pronounced to be the product of bacterial decay 
following a fungus infestation. From its position this rotten 
stuff is evidently derived from the heart wood of the tree, and 
it comes away from the sounder wood beneath in considerable 
masses when handled. The floor of the hollow trunk was 
largely covered with the product of the further decay of fallen 
chunks of this material, a saturated mass of black, mucky, 
stuff, somewhat like sawdust in an advanced stage of wet 
decay. Larve and pupz were also found in this mucky 
material on the floor of the cavity, but were here much less 


numerous. 

For several seasons the immature stages of Gnophomyia 
luctuosa had been sought in and beneath the bark of the trees 
where the adults occurred. This was encouraged by the 
finding of females ovipositing in crevices of the bark of the red 
bay, mentioned above, but after larve had been taken in the 
rotten stuff from the interior of the trunk, a large number of 
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trees, on which adults had been previously noted, were revisited 
and a search again made for immatures. In the case of every 
tree the lower part of the trunk was found to contain a cavity, 
open to the outside by a small hole. In many cases the hole 
had to be enlarged to permit the entrance of my hand and arm 
into the cavity, and sometimes the entrance was by way of a 
hollow root. In a few trees the opening was as much as 10 
inches in its greatest dimension, but in these cases the wet, 
rotten material inhabited by the larve, was restricted to small 
remnants of the cavity wall and most of the interior was dry. 
Apparently the requisite processes of decay are dependent 
upon marked moisture and perhaps darkness. Most of the 
trees were mature and outwardly healthy and even luxuriant. 
A few trees were small or medium sized for their species and 
these usually showed outward signs of fire or axe injury about 
the base. Nearly all of the larger openings to the hollow 
interior were in these small or medium sized trees. 

The finding of the larval habitat within all of the trees that 
were re-examined, some fifteen, including magnolias, sweet 
gums, black gums and an oak, makes it appear that the presence 
of adults of Gnophomyia luctuosa about the trunk of a tree, is an 
excellent indication that the heart wood is infected with decay. 
From the long periods in which at least several trees are known 
to have harbored adults and still continued to appear vigorous, 
the process of decay must be slow but progressive, new areas 
of heart wood becoming affected as the more rotten material 
sloughs off and falls to the floor of the cavity. The fallen 
material can be utilized as a larval habitat for a while, but with 
further decay, Gnophomyia luctuosa is replaced by other forms. 

While the waxy rotten wood adheres to the walls of the 
cavity, Gnophomyia luctuosa is almost the sole arthropod 
present; in the fallen material there were present with it, and 
more numerous, the larve of a Tabanid and the abundant 
larve and pupz of a species of Micropezide, apparently Calo- 
bata antennipes Say. As decay proceeds still further these 
are, in turn, replaced by annelid worms and a small species of 
centiped. 

The detailed habits of the larvz are rather hard to ascertain 
because of their burrowing habit and the sticky nature of the 
material they inhabit. Movement through this material is 
rapid; larve placed on the surface quickly burrow out of sight. 
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Progression is, at least in part, by alternately dilating the 
posterior and anterior segments and using the dilated portion 
as an anchor so that elongation of the remaining segments 
serves to push and pull the larva through the mass. The 
consistency of the rotten wood is such that the burrows slowly 
close behind the larva. No trace of silk or other lining material 
could be found and the pupe were all naked in close-fitting 
cavities of the rotten stuff. The larve feed upon the waxy 
mass and the whole alimentary tract is colored by it. Much 
of the material passes through undigested and the actual food 
may be derived from the microscopic flora that is probably: 
present. 

I have no data on the length of the larval existence. From 
seasonal observations made on adults, it seems probable that 
there is but a single generation a year. Certainly the life cycle 
is no longer, for full grown larve pupate and emerge within 
three or four weeks of being placed within rearing cages and a 
lot of about half-sized larve had completed their development 
and begun to emerge after about four months in a breeding 
cage. The pupal stage, in Florida, lasts from five to six days. 
This was timed on individuals placed as full grown larve 
between glass plates that enclosed a thin film of the rotten 
wood, and followed from pupation to the emergence of the 
adult. 

Both the immature and the adult habitat appear to be 
peculiar to this species. The other North American species 
of the genus, Gnophomyia tristissima Osten Sacken* spends 
its larval and pupal stages in moist rotting hardwood logs or in or 
beneath the moist, loose bark of such logs. Immature stages 
have been repeatedly taken from such habitats} and never 
from living trees, while Gnophomyia luctuosa has been repeatedly 
found in living trees and never in the rotten wood or bark of 
logs or dead trees. Adults of Gnophomyia tristissima are 
occasionally taken from tree trunks, but are much more fre- 


* This species is usually regarded as much more northern than Gnophomyia 
luctuosa, and is undoubtedly most numerous north of the known range of the latter 
species, but I have specimens of tristissima from two widely separated localities 
in Northern Florida and from the lower Piedmont region of South Carolina. 
Alexander (see footnote 2) also cites a record from Southeastern Texas. 

+ Alexander, C. P., Crane-Flies of New York, Part II, Ithaca, 1920, cites 
a number of records. I have also numerous specimens of larve and pupe from 
the same type of habitat. 
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quently swept from the field or shrub strata of mesophytic 
woods, particularly in the vicinity of their larval habitat, or 
taken while resting on the sides of rotting logs. The other 
species of Gnophomyia whose immature stages are known are: 
Gnophomyia tripudans Bergroth, of Europe, which has a larval 
habitat much like that of Gnophomyia tristissima, and Gnopho- 
myia jacobsoni Alexander,.of Sumatra, whose larve and pupz 
occur in the bracts of a species of Hornstedtia (Scitaminee), 
where they are reported by Mr. Edward Jacobson to cause a 
‘‘slimy putrefaction.”’ 


DESCRIPTIONS OF THE IMMATURE STAGES, 


The Larva—(Figs. 1-5). Length, 12-14 mm.; diameter at second 
abdominal segment, 1 mm. Form moderately elongate, terete; the 
segments indistinct with the intersegmental indentures scarcely evident. 
The thoracic segments taper slightly and evenly to the narrowed 
anterior end. 

Color (in life) a translucent, pale amber; the whitish trachea and 
orange alimentary canal clearly visible. . After death the body becomes 
an opaque, faintly yellowish white. Integument transparent, delicate, 
faintly tinged with orange yellow; covered with a pubescence of short, 
pale, wholly microscopic hairs. Creeping welts and setz appear to be 
absent. 

The five-lobed, sub-pentagonal spiracular disk is. conspicuous with 
its extensive pattern of deep brownish black on a whitish background 
(Fig. 4). The hairs at the margin of the disk are short, slender, and 
scarcely evident without magnification. The anal gills (Fig. 3) are 
unlobed and form a protrusible and extensive circum-anal ring that is 
used as an organ of locomotion. 

Head capsule (Fig. 2) moderately elongate, the prefrons and lateral 
plates thin but intact. The color varies from light yellowish brown in 
the thinner parts of the plates to dark brown along their more heavily 
chitinized margins. Labium-epipharynx’ elongate, conical; curved 
through about 90 degrees to end at: the ventral surface of the head; its 
distal end slightly expanded and with a dense tuft of short, thick hairs. 
Antenne moderately elongate; the apical joint elongate oval, the basal 
joint about twice as long as the apical.;’ Besides the apical joint it bears 
two or three slender apical pegs. Mandibles (Fig. 5) elongate, with the 
distal half shaped like a bowl of a sugar shell, the concave surface 
facing ventro-mesad; the ventral margin of the distal portion bears 
three flattened teeth; besides the large, flattened apical tooth, whose 
apex is directed ventrad, the dorsal margin bears one small tooth, near 
the base of the apical tooth. The concavity of the mandible is bounded 
posteriorly by a rounded prosthecal lobe that bears a compact tuft of 
long hairs. Maxille large, very little chitinized; the blunt, rounded, 
inflated, inner lobes (lacinia?) extend cephalad of all other head parts 
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and protrude slightly beyond the end of the thorax when the head 
capsule is retracted; the outer lobe flattened, rather small, its median 
edge with numerous long hairs and small peg-like projections. Hypo- 
pharynx extensive, membranous, with a complicated, hood-like structure 
bearing numerous rows of close-set points. A reduced chitinous arc 
at either side of the mouth of the hood is possibly a vestige of the 


Larva and Pupa of Gnophomyia luctuosa Osten Sacken. 


Larva, from dorsal side. 

Head capsule of larva, drawn from a slide mount with transmitted 
light. 

Posterior end of larva, from side, showing anal gills. 

Respiratory disk of larva. 

Mandible of larva, dorso-median view. 

Female pupa, ventral surface. 

Male pupa, from the side. 
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chitinous collar of the hypopharynx of the more generalized crane-flies.* 
Mentum indistinct, not chitinized; a thin membranous plate bears four 
indistinct teeth that appear to correspond to the two median pairs of 
lateral teeth, but there is no indication of a median tooth. 

The Pupa (Figs. 6-7). Length, 7-8.5 mm.; diameters at the wing 
base: dextro-sinistral, 1.3 mm.; dorso-ventral, 1.4 mm. 

Form slender, conical, tapering from the greatest width, at the 
wing base, to the slender cauda. Color (in life) pale yellowish orange, 
somewhat deeper on the thorax; the eyes and thoracic crest brownish 
red. Older pupz become very dark throughout, the eyes, wing sheaths, 
tarsal sheaths and thoracic crest deep black. In preserved material 
the colors are less pronounced. 

Head rather small; the cephalic crest represented by a pair of widely 
separated, small, conical tubercles, each bearing a slender, short seta 
at itsapex. The basal portion of the antennal sheaths gently angulated; 
the tips of the antennz extending to opposite the “‘knees’’ of the meso- 
thoracic legs. Eyes widely separated; the vertex with a median furrow 
that extends to mid-length of the eyes. Labrum triangular, its tip 
acute; labial lobes approximate equilateral triangles, their median 
angles narrowly separated by the tip of the labrum. Maxillary sheaths 
slightly arcuated just beyond their bases, then extending horizontally 
across the “‘knees’’ of the prothoracic legs to barely touch the antennal 
sheaths; their apices pointed. Ventro-lateral angles of the cheeks 
flattened and slightly projecting dorso-caudad. 

Pronotal breathing horns sub-conical, divergent, their bases widely 
separated; their tips with faint, transverse, shallow slits. Cephalic 
edge of the pronotum chitinized, slightly thickened. 

Mesonotum smooth save for the spines of the crest; these con- 
spicuous, dark brown to black. Each spine is strongly chitinized, 
compressed, and curved dorso-caudad, the tips extending somewhat 
laterad. The median pair are the larger, their bases separated by about 
their combined width; laterad of each median spine is a smaller spine, 
arising at the same level. Wing sheaths short, ending just before the 
caudal margin of the second abdominal segment. Tarsal sheaths short, 
the mesothoracic ending just beyond the cephalic margin of the fourth 
segment, the metathoracic ending opposite the caudal third of the 
same segment, and the prothoracic ending about midway between the 
other pairs. 

Abdominal segments with their lateral margins depressed. The 
lateral edges of these margins with about four weak, wart-like, pro- 
jections on either side of each segment; a short, weak seta is borne from 
the tip of-each projection. On both the dorsal and ventral caudal 
margins of segments 2—7 there is a row of minute, unchitinized, back- 
ward projecting points. On the dorsum of the eighth segment are 
borne the lobes of the larval respiratory disk; the dorso-median is very 





* This chitinous structure, that appears to support the membranous hypo- 
pharynx is somewhat more strongly developed in Gnophomyia jacobsoni Alexander 
(of Sumatra) and somewhat less apparent in the head capsule of Gnophomyia 
tristissima. 
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small, wart-like; the dorso-lateral and ventral pairs are prominent, 
acutely pointed, conical. Vestiges of the spiracles are not evident. 

The male cauda are shown in side view in Fig. 7; the female cauda 
are shown in ventral view in Fig. 6. 


KEY TO THE IMMATURE STAGES OF THE TWO NORTH AMERICAN 
SPECIES OF Gnophomyia. 


Although the immature stages of Gnophomyia luctuosa and tristissima by 
their marked general similarities bear out the close relationship exhibited by the 
adults, both larvze and pupze may be readily separated by details of structure. 
Aside from the difference in habitat they may be distinguished by the following: 


LARV#. 


Markings of respiratory disk less extensive; no dark spot between spiracles; a 
single median, dark brown, rounded spot on the dorso-median lobe. 
Marginal chitinized bars of the lateral plates of the head capsule distinctly 
expanded caudally.............. ........Gnophomyia tristissma Osten Sacken 

Markings of respiratory disk more extensive; a dark brown bar between the 
spiracles that is continuous with the markings of the ventral lobes; the 
dorso-median lobe paler medially, its apex and lateral margins dark 
brown to black. Marginal chitinized bars of the lateral plates of the 
head capsule not at all expanded caudally. .Gnophomyia luctuosa Osten Sacken 


PUP. 


Setz of cephalic tubercles elongate, several] times as long as the small cephalic 
tubercles; mesonotal crest unarmed save for a few slender seta. Apices 
of tarsal sheaths nearly in one line, the prothoracic shortest, if tips 
uneven. Thoracic region somewhat flattened dorso-ventrally. 

Gnophomyia tristissima Osten Sacken 

Setz of cephalic tubercles short, not over twice the length of the tubercles 
that bear them; mesonotal crest with four conspicuous, chitinous spines. 
Apices of tarsal sheaths distinctly uneven, the mesothoracic shorter 
than the prothoracic. Thorax not at all depressed. 

Gnophomyia luctuosa Osten Sacken 





RESPONSE AND ADAPTATION OF INSECTS TO 
EXTERNAL STIMULI.* 


WILLIAM ROBINSON, 


Division of Entomology, University of Minnesota. 


The factors which influence response and adjustment in the 
physiology of insects are too numerous to discuss them all in the 
time available. It seems better, therefore, to limit this paper 
to a discussion of one or two factors and to deal with them more 
fully. One of these, which appears to have a marked effect 
upon the way an insect will react to external stimuli, is a com- 
paratively new study in insect physiology. It is the presence of 
countless minute particles called colloids in all of the cells of the 
body and in the liquids which bathe the cells. So profound and 
far-reaching appears to be the effect of the activity of these 
particles and so little has the subject been studied in entomology 
or even in biology that the writer will limit his paper to this 
phase of response and adjustment, and will describe some 
experiments recently conducted in which collo dal activity 
was found to play an important part. 

These colloids are so exceedingly minute that countless 
millions of them may be present ina single cell. They, of course, 
are not living, but are finely divided particles, principally of 
proteins; and their activities are physical and not biological. 
Each particle carries an electric charge, and in biology this is 
usually negative. A reversal of the charge to positive may 
occur under certain conditions, and that has a most important 
bearing on the physiology of the organism. 

It is with a different colloidal activity, however, that I wish 
to deal, namely, with a phenomenon known as adsorption. 
The particles present in greatest numbers in biological tissues 
are the kind called hydrophilic or water-loving colloids. As 
their name implies, they have a strong attraction for water. 
This adsorbed water is not taken up into the particle, but is 
held as a film or shell around the particle or like the shell 
around an insect’s egg. The shell may be made up of many 


* Published with the approval of the Director as Paper No. 747, of the Journal 
Series of the Minnesota Agricultural Experiment Station. 
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layers of water so that it may be thicker than the diameter of 
the particle itself. The water thus bound is held by the particle 
with a force so tremendous that it is difficult to conceive of it in 
biology. 

When water is adsorbed or bound some of its properties are 
changed. The full extent of the changes is not known, but 
enough has been found out to indicate that the binding of water 
may have considerable effect upon physiology. For instance, 
sugar, which is readily dissolved in free water, cannot be 
dissolved in the innermost layers of water which has been bound. 
Free water, which freezes at thirty-two degrees above zero 
Fahrenheit, will not freeze at five degrees below zero when held 
in the bound condition. Free water is one of the most incom- 
pressible of substances, but when it is bound it may be com- 
pressed to seventy-five per cent of its original bulk. Free 
water is an excellent conductor of electricity, but when bound it 
appears to act as a very good non-conductor. One of the most 
significant changes, if found to be actually the case, is the 
probability that bound water retards or even prevents the 
activity of enzymes. This has not yet been demonstrated. 
However, it would have so profound an effect upon physiology 
that it would be difficult to estimate. 

Anything, therefore, which can change the amount of water 
held in the bound condition may have considerable effect upon 
response and adaptation. It is known that the electric charge 
carried by the particle greatly influences the thickness of its 
shell of adsorbed water. The hydrogen ion concentration has 
considerable effect upon the electric charge; and it is known that 
various things affect the hydrogen ion concentration. 

Since the ever-present colloids enter intimately into the 
physiology of the organism, it may be supposed that they 
affect the response of the individual to external stimuli. This is 
in fact the case, as will be shown briefly by the following 
illustrations of response and adaptation to both temperature 
and moisture as the external stimuli. 

In an article published last year in the Journal of Economic 
Entomology and this year, in more detail, in the Fifth Colloid 
Symposium Monograph, the writer described some experiments 
with low temperature, in which colloids played an important 
role. When temperature commences to fall some kinds of 
colloids begin to bind more water around themselves, while 
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others begin to lose what they already have. The mechanism 
for this need not be discussed here. The possession of one type 
or the other undoubtedly determines, in some cases, whether 
or not the species will be able to endure the low temperatures 
of winter. 
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Fig. 1. Increase of bound water with Promethea coincident with fall of 
temperature. 


Among the insects used in the experiments was the cold- 
hardy species the Promethea Moth, Callosamia promethea, 
which passes the winter in a cocoon attached to the twigs of 
shrubs. This form is therefore exposed to the low temperatures 
of winter in the northern states in which it occurs. 

The second type was a soil-inhabiting form, a species of 
White Grub belonging to the genus Phyllophaga. Upon the 
approach of winter these larvae move down through the soil 
ahead of the frost, but are sometimes found near the frost line. 
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A third species used was the extremely non-hardy Granary 
Weevil, Sitophilus granarius. This is believed to be a tropical 
species and to have spread to the temperate zones and to exist 
here in the stored grain upon which it feeds. The temperature 
of stored grain rarely goes below forty degrees Fahrenheit, 
and it therefore provides protection from the cold of the north. 


Cc. 
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Fig. 2. Showing practically unchanged conditions with White Grubs during an 
exposure of ten weeks. 


An exposure to thirty-five degrees for one month would be 
fatal to this species. 

The low temperatures used in the experiments were obtained 
by artificial refrigeration. As the temperature commenced to 
fall the different species began to respond to it in their own 
characteristic way. Fig. 1 shows the results obtained with the 
cold-hardy Promethea. The upper portion of the chart shows 
the fall of temperature which in the Fahrenheit scale would be 
from forty-two to six above zero. The lower part shows the 
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remarkable increase in bound water (the full black line) from 
about seventy to three hundred milligrams per thousand 
milligrams of total weight, or an increase of over four hundred 
per cent. The White Grubs, Fig. 2, which are not exposed 
normally to low temperatures, made practically no gain, 
although exposed for ten weeks to thirty-two and thirty degrees 
F., which is just above their own freezing-point. Freezing, 
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Fig. 3. Rapid decrease in both bound and free water with the 
Granary Weevil. 


in every case observed, caused death. The non-hardy Granary 
Weevils, Fig. 3, not only did not gain, but actually lost bound 
water and then later their free water, and finally died in about 
twenty days at thirty-two degrees Fahrenheit, without ever 
having been frozen. 

This is a very brief outline of the experiments with tem- 
perature as a stimulus, but probably it is sufficient to show that 
the water binding response by the different species studied was in 








412 Annals Entomological Society of America [Vol. XXI, 


direct proportion to their winter hardiness. It is not to be 
assumed that water-binding is the most important factor in 
winter-hardiness, for not enough work has yet been done to 
justify any such conclusion. Various other factors undoubtedly 
come in. However, in view of the fact that some of the prop- 
erties of water are changed when it is bound, especially the 
property of remaining unfrozen at very low temperatures, 
it seems possible that colloid activity may have some bearing 
on whether a species will be able to endure the cold of winter or 
perish if so exposed. 

One more reference to this particular phase of adsorption 
and then we shall pass on to a study of more general interest 
and possibly of wider application. 

One of the causes of death from freezing is believed to be the 
loss of water by the protoplasm; this loss being due to the 
streaming of the free water from the cells to the spaces between 
the cells where freezing is going on. It is believed that freezing 
occurs in the liquids which are between the cells. As freezing 
goes on, water, of course, is taken out of solution and locked up 
as crystals, and this lowers the actual water present at that 
point. The flow of water from the protoplasm which takes 
place at this time is merely the action of osmotic pressure to 
restore equilibrium, but this causes a depletion of water within 
the cell where it is vital to the existence of the protoplasm. 

Now, the force with which bound water is held by the col- 
loidal particles is very great and amounts to several hundred or 
even thousand atmospheres pressure; while the highest osmotic 
pressure in biology is seldom if ever over one hundred and 
seventy-two atmospheres. Therefore, the force with which 
bound water is held colloidally may serve largely to counteract 
the pull of water from the protoplasm during crystallization, 
for even winter hardy species do freeze in the depth of winter 
but survive. 

We now come to a consideration of the response of insects 
to another external stimulus, namely, to their water supply. 
Water, as we know, forms the major part of all living tissue, 
either of plant or animal; and thus it is always present, during 
life, in large quantities in tissues and protoplasm. Its main 
functions of dissolving food so that it may be digested and pass 
into the circulation; of distributing nutrients to the points of 
oxidation; and of acting as the medium for the elimination of 
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waste materials from the body, make water such an important 
factor in the physiology of insects that anything which affects 
the water supply may have deep-seated consequences to the 
individual. 

This dependence upon a regular and abundant source of 
water according to the requirements of the species, makes worth 
while an enquiry as to the adaptations of different species to the 
supply which is available to them. The food of insects differs 
greatly in its water content, from less than ten per cent to as 
high as ninety-five per cent. What is known about the 
physiological response of the various species to this difference 
in water content? We have on the one hand a great many 
species which feed upon succulent tissue and thus have an 
abundant source of supply. With them any mechanism for 
retaining water in case of shortage is unnecessary; instead, 
they have the problem of getting rid of excess water. This is 
true so long as the food remains succulent; however, it is known 
by the way that with a decrease in the per cent of water, as 
when the food wilts, these insects are the first to perish. 

On the other hand, there is that group of insects which live 
upon stored or air-dried materials containing as low as eight 
per cent of water. With these species the conserving of their 
water is of vital importance; and it is here that a special adapta- 
tion, if any, to the external stimulus of low water supply might 
be expected. 

Especially is such a provision possible when the case of the 
Cactus among plants is recalled. The cactus is an example of a 
plant which is able not only to exist under desert conditions of 
very low rainfall and great evaporation, but actually to build 
up and hold a large amount of water in its tissues. This is not 
accomplished by osmotic pressure which is low in such plants. 
However, from what has already been said about the property 
of colloids to draw up and bind water on their surfaces, it might 
be supposed that colloidal activity is behind this characteristic 
capacity of the cactus of holding its own under extremely arid 
conditions. This supposition is indeed a fact which has been 
known only in the last few years. The mechanism with 
which the cactus largely holds its water is through the binding 
and locking of it on the surface of its colloids. 

A series of experiments was then conducted with several 
species of insects which live on foods differing greatly in their 
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water content. If a positive adaptation of insects to their 
water supply could be found, then those species which have 
access to abundance of water would hold but little of it in 
reserve; whereas, those which live on food material low in water 
would bind a proportionately large amount secure against loss 
by evaporation or excretion. The species used are given in 
Fig. 4, and the water content of their food is shown on the 


TOTAL WATER OF FOOD 





TOTAL WATER OF INSECT 


Fig. 4. Relationship between water content of insects and of their food. 


left hand side of the chart. For instance, the food of the 
Granary Weevil contained from nine to eleven per cent; that 
of the Rice Weevil about sixteen per cent; that of the Locust 
Borer about thirty per cent of water. Those species shown in the 
upper portion of the chart were taken from food high in water, 
ranging from sixty-five to eighty-six per cent. These and other 
data of the experiment are being given in greater detail in the 
Journal of Economic Entomology. 
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These insects were taken directly from their food and 
determinations made of the total, free and bound water content. 
Their total water content is shown along the bottom of the chart 
in Fig. 4; and it will be seen that the abundance or lack of water 
in the food affects the total water content of the insects’ tissues. 
Those species shown in the lower portion of the chart, which 
are able to exist upon food very low in water have themselves 
a low water content; whereas, the remainder which require a 
large per cent of water have a greatly increased amount. This 
relationship as it actually exists takes the form of the straight 
line shown in Fig. 4. Of course it is obvious that a species 
like the Granary Weevil whose food contains only ten per cent 
of water and whose own body contains forty-five per cent must 
receive some of it from another source. 

This source is the water of metabolism, since all living 
organisms produce water within the cells as a by-product of 
their metabolic processes; and it performs a necessary and 
important function in physiology. With most living organisms 
metabolic water makes up only a small per cent of the total 
water received into the body; the greater part being taken up 
in drinking and with the food. However, with those species 
of insects which live upon dry food this is the largest and most 
important source of supply, and without it they could not 
exist. 

Other factors besides metabolic water have an influence 
upon the total water content. Among them is what may be 
called the general physiology of the species, and it is made up 
itself of a number of factors. However, after grouping both 
sources of water and taking into consideration the demands of 
the insect’s physiology such as water requirement and elimina- 
tion, we have as a resultant the total water content of the 
individual. 

We now come finally to a consideration of the relation 
between the total water content of the species and colloidal 
activity or the amount of that water which is held in the bound 
condition. This correlation is shown in Fig. 5, where the effect 
of colloidal activity is readily seen. Those species which live 
on comparatively dry food and have a small percentage of water 
in their own tissues, hold a large per cent of it in the bound 
form, where it is secure against the forces of desiccation. For 
instance, the Granary Weevil, which has only forty-six per 
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cent of total water, has actually fifty per cent of it in the bound 
form. The Rice Weevil with slightly more total water, namely, 
forty-eight per cent, has a smaller amount or thirty-five per 
cent of it bound; and the Locust Borer with fifty-eight per cent 
total water binds twenty per cent. 

In the lower part of Fig. 5 are shown the species which live 
on food containing a high per cent of water and which con- 
sequently have themselves a large amount in their own tissues. 


BOUND WATER 








TOTAL WATER 


Fig. 5. Showing effect of colloidal activity in water binding which is propor- 
tionate to the need for conservation. 


A reverse order of colloidal activity occurs here. Having a 
large amount of water themselves, namely, from fifty-eight to 
ninety-two per cent, and having an abundant source of supply, 
these species have a very small amount of it bound. This 
amount ranges from nine to as low as three per cent respectively. 

These tests indicate that some species of insects which live 
under low moisture conditions, share with the Cactus the 
remarkable capacity of adapting themselves to such conditions 
by binding on the surface of their colloids a large proportion 
of the available water. There it is secure against loss by 
evaporation, but by some means yet unknown it becomes 
readily available to the individual when required in its 
physiology. 
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Thus the series of experiments which have been very 
briefly discussed seem to indicate that the nature of the response 
to external stimuli may be affected by the specific colloids of 
the organism. 


SUMMARY. 


The influence of the colloids present in the tissues upon the 
physiology of response and adjustment has been considered; 
and experiments have been discussed in which there appears 
to be a definite colloidal response to conditions of temperature 
and moisture. 


A NEW SPECIES OF RHAGOVELIA. 
(Veliidze-Hemiptera). 


GeEorGE E. GouLp, 
University of Kansas, Lawrence, Kansas. 


Rhagovelia gigantea n. sp. 

Antennal formula: seg. I: seg. II: seg. III: seg. IV: 42:35:24:18. 

Intermediate leg: femur: tibia: tarsal seg. II: seg. III: 74:76:19:22. 

Posterior leg: 74 (wide 22); 74:17:18. 

A plerous Male——General color light brown, covered with short 
brown pubescence; legs, sides of body, and two basal segments of the 
antennz with longer hairs and a few scattered seta. Head with 
median impressed line, crossed by two inverted V’s, the anterior one 
running to in front of the eyes, the posterior one at the posterior margin 
of the head. Connexiva nearly vertical and about three-fourths the 
width of dorsum, extending beyond the last abdominal segment to 
form a long stout projection equaling in length the genital segments. 
Venter covered with long hairs of the same color as on the dorsum; 
venter with a faint carina that terminates in a small round projection 
on the last abdominal segment. 

Pronotum longer than wide (10:9), rounded behind and covering 
most of the mesonotum; anterior margin with silvery irridescent band 
interrupted by the median carina and broadening at the humeral 
angles. Small yellow scale-like pads project from under the pronotum 
in the normal position of wings (length .8 mm., width .2 mm.). The 
hind margin of the metanotum, the first abdominal segment except the 
median line, and lateral margins of the second abdominal segment, 
silvery irridescent. 

Posterior femur greatly incrassate but abruptly narrowed in the 
apical third, this being marked by a short, stout curved tooth; from 
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this tooth to the base are five stout teeth, diminishing in size (toward 
the base). Numerous minute teeth scattered on femur below larger 
teeth. Posterior tibia armed with rounded teeth of irregular size, 
usually consisting of two small teeth between two large ones; at the 
base of the tibia are several larger teeth; the apex armed with a very 
minute tooth. 

Genital segments hairy. Claspers long, meeting some distance 
above the body. 

Length 8.4 mm., width 2.2 mm. 


Type, apterous male, Cincinnati, Colombia, February, 1924, 
H. W. Atkinson collector; type in the U. S. National Museum. 

This specimen is unique in most of its characters, resembling 
none of the described species. The structure of the posterior 
femora, the scale-like pads, the shape and size of the connexiva, 
and the general size make it different from all known species of 
Rhagovelia. 

The structure of the scale-like pads is unknown. They 
are attached in the normal position of wings, but have no 
resemblance to wings, being yellow and smooth. They resemble 
small scales of wax, but are true appendages of the thorax. 

The proportions given are not actual measurements, but 
are relative sizes of the parts to one another. 





OBSERVATIONS ON THE BUFFALO TREE HOPPER 
CERESA BUBALUS FABR. (MEMBRACID2, HOM- 
OPTERA), AND THE BIONOMICS OF AN EGG 
PARASITE, POLYNEMA STRIATICORNE 
GIRAULT (MYMARID&, 
HYMENOPTERA). 


W. V. BAaLpurF.* 


Polynema striaticorne Fabr. is one of the chalcid species 
known to parasitize the eggs of the buffalo tree hopper. The 
account of the host and of the parasite given below is based on 
observations made at Urbana-Champaign, Illinois, in the spring, 
summer and autumn of 1927, and at Oak Harbor, Ohio, during 
the summer of the same year. 


LIFE CYCLE AND HABITS OF THE HOST. 


There is one generation each year in this latitude. According 
to Marlatt (1), the first adults appear about the middle of July. 
They begin oviposition about the middle of August, and con- 
tinue to October 24, in Kansas. The writer obtained the first 
adults at Oak Harbor on July 30, and the first specimen was 
taken on August 1, at Urbana-Champaign. Adults were 
common around Oak Harbor throughout the rest of August, 
and at Urbana-Champaign active individuals were last seen on 
October 20. Oviposition was first observed in Ohio at Toledo 
on August 13, and after returning to Urbana-Champaign in 
latter August, the writer found ovipositing females on Sep- 
tember 4 and 24, and October 5. The branches of elm bore 
many eggs on September 4, hence oviposition had been going on 
two or three weeks before that date. 

Twigs one-half to one-third inch in diameter are preferred 
for oviposition, and the oid scarred portions are as apt to be 
selected as the new uninjured parts. The upper third of the 


* Contribution No. 120 from the entomological laboratories of the University 
of Illinois, Urbana, I}linois. 

+ The writer is grateful to Dr. A. E. Miller, Ill. State Nat. Hist. Survey, for 
material sent to Oak Harbor during the summer; to Dr. R. D. Glasgow, of the 
department of entomology of this university, for significant aid in this study; and 
to Mr. A. B. Gahan, of the U. S. Nat. Museum, for identifying the parasite. 
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circumference of the twig bears the eggs. During oviposition 
the body of the hopper is inclined sidewise toward the twig, 
and its position is not changed much during the process of 
placing one mass of eggs. When the insertion of one mass is 
accomplished, she begins to deposit a companion mass an 
eighth of an inch or so removed from the side of the first and 
almost parallel with it. 

At the beginning of the oviposition act the female exserts 
the ovipositor forward under her body, and then draws it 
backward, cutting a superficial slit into the bark. The deposit- 
ing organ is then inserted into the bark behind the abdomen, 
and the course it takes in laying a packet of eggs is identical 
with the superficial slit made as described above. The first 
egg was always placed behind the abdomen, then the ovipositor 
was withdrawn and inserted anew immediately anterior to 
the first egg, and in this manner the whole mass was deposited, 
(Fig. 2). The ovipositor was buried its full length only when 
inserted directly below and at right angles to the long axis of the 
body. 

Eggs were laid at an average rate of one each 42 seconds, 
but the time required varied from 35 to 60 seconds for each egg. 
The number of eggs per packet ranges from 5 to 12, and 7 was 
the number most commonly found. The eggs are placed into 
the bark, and often extend entirely through it into a shallow 
depression in the hard wood beneath. For two or three weeks 
after oviposition, the scars in the branches may be found only 
by very close inspection, but thereafter the slits widen slowly 
and a gap forms between the two masses of eggs. The outer 
ends of the eggs are at times exposed, due to the growth move- 
ments of the bark, and may, on the other hand, become covered 
again by the thin layer of dead bark that loosens from the twig 
between the two egg masses. Within a few weeks after the 
eggs are laid, the plant tissue immediately surrounding them 
dies, turning brown and corky. 

The egg shells of the hopper consist of two distinct layers. 
The outer layer, or chorion, is more or less reticulated, dry and 
brittle, and distinctly thickened and stiffened at the outer end, 
forming a definite cap, (Fig. 8, a) which is not uncommonly 
exposed to the atmosphere. The inner layer, or vitelline 
membrane, is quite homogeneous in texture, and is not 
intimately connected with the outer layer, hence may often be 
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removed from its position on the branch unaccompanied by the 
chorion. 

The buffalo tree hopper hibernates in the egg stage. All 
unparasitized eggs examined at Urbana-Champaign on Decem- 
ber 24, contained advanced embryos with legs and segments 
readily recognizable. Hatching takes place early in May 
(Funkhouser, 3), or ‘‘in May or early June,’’ (Marlatt, 1). 
Twigs from the field on April 14 at Urbana-Champaign were 
placed in cages, and many small nymphs had appeared on April 
21. Outdoor temperatures were mild at this time, and develop- 
ment in nature was probably not more than a week or two 
behind that under laboratory conditions. Nymphs were never 
seen on the oviposition plants, but eggs gathered at intervals 
of a week or more showed that immature individuals were 
still in the eggs during May, but decreased sharply in number 
during this time. On July 6, three second instar nymphs had 
appeared in a cage of twigs collected at Urbana-Champaign 
on June 17, and the last first instar nymphs of the season were 
reared on July 8 from twigs taken at the same place on June 
28. Most embryos during May were marked with pink eyes, 
and pink-margined abdominal segments, indicating that they 
were near the point of hatching. A small number of eggs was 
found about the middle of June that contained no embryos or 
parasites, yet had liquid contents, which suggests that some 
eggs were not fertilized. 

While buffalo tree hopper injury to apple is the most 
frequently mentioned, conspicuous damage is also done to 
willow, cottonwood, and maple, according to Marlatt, and the 
insect produced serious scarring also on elms along streets in 
new and uninhabited additions of Urbana-Champaign for 
several years before 1927. Other woody plants are affected, 
too. A rather marked alternation of hosts is exhibited, the 
nymphs leaving the woody tree in which the eggs are laid, 
and spend this stage on herbaceous plants of various kinds. 
Britain (2) found them chiefly on sheep sorrel and clover, but 
also on Canada thistle, golden rod, curled’ dock, plantain, 
dandelion, and the suckers of apple trees. Funkhouser found 
sweet clover to be the favorite host at Cayuga Lake, N. Y. 
According to the latter, about six weeks are required for the 
complete development of this stage. The writer obtained a 
few nymphs by sweeping red clover near elms in August at 








422 Annals Entomological Society of America |Vol. XXI, 


Oak Harbor. The adults in their early life before oviposition 
feed on herbs and the tender growth of plants on which eggs are 
laid. The writer saw adults feeding on stems of red and sweet 
clover in mid-August at Oak Harbor, and swept them commonly 
there from red clover in fields in which they presumably passed 
the nymphal stage. At the same time they fed on the twigs of 
scrub elm growing at the margins of clover fields two weeks 
before oviposition was observed. Females were also seen to 
feed on elm twigs during early October, the insects going 
directly from oviposition to feeding in two instances. 

Observations in both Ohio and Illinois show that injury to 
elm is always contingent on the presence of the herbaceous 
food plants of the nymphs in the vicinity of the trees, and 
the amount of the injury is quite directly proportional to the 
proximity of the two kinds of plants. Adults from clover 
fields were always most numerous near the elms along the 
fences, and dwindled in numbers until none were found four or 
five rods from the fence. Where elms are surrounded by well 
kept lawns or regularly cultivated fields planted in non- 
leguminous crops these trees are injured but little, or not at all. 
The lower branches, chiefly of small trees are most susceptible 
to oviposition injury. 

The adults of another species of Membracide, Stictocephala 
inermis Fabr. were present on elm in both the Ohio and Illinois 
localities on July 20 and later, but none were found ovipositing. 
Funkhouser states (3) that it winters in the egg stage on apple 
and the eggs are laid in masses of four or five. It is possible 
that they occurred on elm, and if so, were probably also para- 
sitized by Polynema striaticorne. But the nymphs reared in 
the spring were all C. bubalus. 


BIONOMICS OF Polynema striaticorne GIR. 


GENERAL FEATURES. 


This parasite is a member of the Chalcid family Mymaride. 
These are chiefly parasites in the eggs of other insects, largely 
Homoptera, but a few references to parasitism in postembryonic 
stages of the host occur, as for example, white flies and scale 
insects (4). P. striaticorne is everywhere recorded as developing 
in the eggs of Membracide, usually of the buffalo tree hopper 
(Ceresa bubalus Febr.), except that R. H. Smith (5) reports it 
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from the clover aphis. Hodgkiss (8) states that it attacks 
the eggs of three other Membracids beside C. bubalus, namely, 
C. taurina Fitch, C. borealis Fairm., and Stictocephala inermis 
in New York. 

It is widely spread, having been reared in Idaho (5); Elk 
Point, S. Dak. (6); Missouri (various localities), Urbana, IIL, 
and Geneva and Albany, N. Y. (7); and Hagerstown, Md. (6). 
Girault (7) gives additional records as follows: Illinois (Algon- 
quin, Butler, DuBois); District of Columbia; Roslyn, Va.; 
Indiana; College Station, Texas; Riley County, Kansas, and 
Colorado. Indications are therefore, that it may be dis- 
tributed all over the United States, at least east of the Rocky 
Mountains. Brittain (2) indicates that it is also present in 
Canada. The records generally state that it is abundant, 
constituting an important check on the buffalo tree hopper. 
The egg, larva and pupa stages of the parasite are spent in the 
eggs of the host. Another species of Chalcid, Trichogramma 
ceresarum Ashmead, has been reared from the eggs of the 
buffalo tree hopper. The hind wings are not petiolate as in 
P. striaticorne. Of the 650 parasites reared, 646 were the latter 
species, the rest representing two other species of Chalcids 
not yet determined. 

P. striaticorne was originally named and described by 
Girault (7), who also recognized a new variety, boreum (6) for 
one female taken at Elk Point, S. Dak., by C. N. Ainslie. 
The earliest references to this parasite are by C. V. Riley (9) 
and by Marlatt (1), who states that Miss Murtfeldt had taken 
it in Missouri. 


DESCRIPTION OF THE ADULT. 


The adult (Fig. 1) can not readily be distinguished from other 
species of the genus. The body is elongate and slender. The female is 
distinctly the larger, the greater length being mainly in the abdomen, 
which is also sharp pointed in this sex. The females measure about 
1.6 mm. long, and the male approximately 1 mm. The color is reddish 
black to brown in both sexes. The sexes are distinctly dimorphic in 
regard to the antennal structure, those of the female being nine- 
segmented and bear a terminal club, whereas those of the male are 
filiform, and are composed of thirteen joints, and thus are much longer 
than those of the female. All margins of both pairs of wings bear 
fringes of numerous rather long hairs, those of the hind edges being 
distinctly longer. Moreover, the hind wings are distinctly linear in 
shape, and pedunculate at the base, these two features constituting 
family characteristics. 








424 Annals Entomological Society of America [Vol. XXI, 


METHODS. 


The egg masses of the buffalo tree hopper were removed 
from fresh elm twigs by loosening the bark around the eggs with 
a knife. The rest of the wood surrounding the eggs was 
removed in a watchglass by means of fine needles and a 
binocular. A drop of normal saline (NaCl 1.9 gr.—Dist. 
Water 100 cc.) was used to cover the egg mass, and one end of 
an egg was picked open by means of a very pointed needle. 
The contents of the egg were then forced out into the saline 
solution in which the parasite larva was then studied. Camera 
lucida sketches were usually made at once upon the discovery 
of the parasite. Often the larve swelled and eventually burst, 
hence denser solutions should have been used. Borax carmine 
was added at times to the salt mixture, in equal quantities, 
whereby some finer details of the larve were found. Efforts to 
mount the larve in balsam failed because the body always 
collapses into an unrecognizable mass. Oviposition was 
observed in vials of four dram size and in test tubes. Twigs 
sharpened at both ends were introduced into the tubes and 
supported so the parasite adult could be seen at any time on 
the twig. 

MATING. 

Copulation was first seen on April 22, and noticed now and 
then during the entire summer, always in cages. The wings 
of the female extend beyond the end of her abdomen, and need 
to be held aside by the male during mating. The abdomen of 
the female is turned upward to a vertical position, and assumes 
a roughly triangular outline with the ovipositor arising at the 
lower hind angle. This position makes it necessary for the 
male to stand quite erect on his hind legs in order to make 
contact, the penis, which is situated near the end of the 
abdomen, being inserted just anterior to the attachment of the 
ovipositor. The function, and apparently the explanation of 
the much greater length of the male antenne over those of 
the female seems to be their use, in the mating posture, for 
reaching forward to tap the female on the head and to stroke 
her antennez to prevent her running away. One pair remained 
in coition five minutes continuously. The males are strongly 
aggressive. Three individuals of that sex made simultaneous 
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efforts to copulate with a single female. This is probably 
a common phenomenon in view of the decided numerical 
predominance of males over females. 


OVIPOSITION. 


When the female is ready to oviposit she runs around over 
the bark roughened by the ovipositor punctures of the tree- 
hopper, and readily recognizes the depressions in which eggs 
have been laid. The method of locating egg masses is by 
striking the wood rapidly and quite constantly with the clavate 
antennez, the clubbed portion probably being especially sensitive 
to distinguish between new scars with unparasitized eggs and 
older scars that are bare or recent ones with empty eggs. This 
is evidenced by the failure of the insect to give heed to old 
eggless scars and by her passing interest in newer eggs which 
are empty by the emergence of nymphs or parasites. In 
contrast with these attitudes are her unmistakable interest 
upon the discovery of living eggs. The antennz are at once 
inserted downward into the slit, often their full length, in the 
bark at right angles to the length of her body, and the tops of 
the eggs are tapped with the clubs. She then stands astride 
the crevice, or may have some legs in it, but grips the edges 
of the slit with her tarsal claws or legs. The ovipositor is 
brought from its rest position along the under side of the 
abdomen and extended straight downward, and by several 
jabs, thrusts it into the top of an egg. During oviposition, the 
antenne are held downward, their tips in contact with the 
tops of the eggs. Sometimes the eggs stand so deep in the 
bark that she can not reach them, and after many vain and 
repeated trials goes reluctantly away; or, due to the growth 
movement of the bark subsequent to the oviposition of the 
host, the bit of dried bark between the pairs of egg masses may 
at times effectually barricade her against access to her desired 
hosts, and hide them entirely from view. Living bark that 
tends to grow across the slits also at times obstructs her because 
she is unable to drill through wood. But when the situation is 
favorable, she may go from one egg to the next until all eggs 
within reach are parasitized. In not a small number of instances, 
all eggs of a given mass are, or give evidence of having been, 
occupied by the Polynema. The advanced larve or the pupz 
of the parasite cause the vitelline membrane of the host to 
turn black, which color is a practical means for the recognition 
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of past parasitism. Hence, it is known that the female in her 
round of oviposition, occasionally skips an egg, but the eggs 
usually missed are those at the end of the mass where the bark 
formation frequently renders the egg inaccessible to her ovi- 
positor. There is evidence also that eggs not in reach of a 
parasite of the fall or the first spring generation may, by the 
shift of the surrounding bark, be made available to individuals 
of a later generation. This is a significant factor in the welfare 
of the parasite, inasmuch as it prohibits total simultaneous 
parasitization, should this phenomenon be within the repro- 
ductive capacity of any one generation of the parasite. 

About one minute was spent by one female at each of seven 
eggs in one mass. Oviposition was first observed indoors on 
May 9, and parasites were active out of doors at least as early 
as May 18, hence egg laying was probably going on outside in 
the first half of May. So eager are the females to oviposit 
that three individuals fell over one another several times in 
their contests to secure favorable positions at a scar containing 
living hopper eggs. The adult parasite may be quite hidden 
at times, because she descends into a slit and squats on the top 
of the host eggs, and is thus incidentally also quite effectively 
sheltered from winds. When such entrance is not possible, 
she bends the abdomen sharply downward, stretching as far as 
possible, to insert her ovipositor. Instances were also noted 
in which the female, eager to oviposit, reached into the slit 
with her head, and applying her mandibles to the tops of the 
eggs pulled off bits of the brittle chorion as if to clear the way 
for penetration of the egg with the ovipositor. One female 
that assumed the oviposition posture at dusk of day remained 
in that attitude a full hour and a half, and may have been 
asleep during that time. Two others at the same time remained 
quiet on the eggs for 13 to 35 minutes, respectively. 

The ovipositor is about one-third as long as the host egg, 
and is carried in a pair of sheaths whose concavities form a 
tube. The tip of the ovipositor, which is brown and hard, is 
provided on the broader surfaces with extremely minute 
parallel cross ridges whose structure indicates their use to be 
the puncturing of the dense cap on the free end of the host egg. 

The occurrence of hyperparasitism was indicated by the 
discovery, in a single instance, of a parasite egg and also a 
first instar larva in the same host. This phenomenon seems to 
be rare therefore. 





1927] Balduf: Bionomics of Polynema 427 


OTHER ACTIVITIES OF THE ADULT. 


Adults freely ate the droplets of dilute honey provided, and 
sought also to take the sap present on the inner surface of bark 
peeled off from twigs of elm. No inclination was shown to 
feed at the broken eggs whose yolk was made available to the 
parasites. 

While watching a female oviposit she was seen to run away 
a short distance from the scar in the elm twig and stood for a 
few minutes in a peculiar attitude—quiet, with antenne 





Figure 1. Adult female of Polynema striaticorne Gir., X 19; 2, Mass of eggs of the 
buffalo tree hopper (Ceresa bubalus Fabr.), X 6; 3, Egg of P. striaticorne, X 41; 
4, First instar larva of P. striaticorne; a, head; b, caudal appendage; c, band 
of hairs; d, mouth, X 37; 5, Second instar larva of P. striaticorne; a, esophagus; 
b, pouch-like alimentary tract, X 44; 6, Third instar larva of P. striaticorne; 
a, proctodaeum; b, semi-solid faeces in alimentary tract, X 27; 7, Mature, or 
fourth instar larva of P. striaticorne; a, falcate mandibles, 22; 8, Almost 
mature, or fourth instar larva of P. striaticorne in the egg of C. bubalus; a, cap 
of egg; b, shell and lumen of egg; c, P. striaticorne larva, constriction showing 
contraction wave. Note tip of abdomen (d) braced against egg shell; e, tip 
of head, X 22. 


(All illustrations were made by Mrs. W. V. Balduf; all, except Fig. 1, redrawn 
from camera lucida sketches made by the writer). 
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forward and parallel, and the front legs raised off the twig and 
held back under her body to the abdomen. A quantity of 
faeces was being voided from the very tip of the abdomen 
It was pushed out, sliding along the top of the ovipositor, 
which was thrust caudad further than when it is in a rest 
position. After a minute or two she twisted her body and 
danced about somewhat, after which she stood quiet again, 
but now with the front legs grasping the twig, whereas the hind 
legs were raised and employed to kick off the faeces from the 
end of the ovipositor. After a moment of preening, she ran 
back to the same scar she had left, and resumed her efforts to 
oviposit. 


THE EGG OF THE PARASITE. 


As in other parasitic Hymenoptera, the egg of P. striaticorne (Fig. 3) 
bears a pronounced petiole. This tapers gradually from the egg proper 
and half way to the tip, and thereafter is narrow and of uniform thick- 
ness. The petiole bends gradually at its juncture with the rest of the 
egg beyond which it continues almost straight sided. The bulbous 
portion is about three times as thick as the petiole but shorter, and 
contains the colorless yolk whose mass assumes an elongate oval form. 
The walls are semi-translucent and bear no sculpturing. The length 
of the whole egg varied from 0.24 to 0.26 mm. 

The ovaries containing advanced eggs are bulb-shaped, rather 
blunt at one end and pointed at the other, at which the nine or ten 
banana shaped eggs converge and the petioles meet. The parasite 
has therefore a capacity of parasitizing at least 18 to 20 hopper eggs in 
rather close succession. 


THE PARASITE LARVA: STRUCTURE AND ACTIVITY. 
The First Instar. 

The first instar larva (Fig. 4) is spindle-shaped, being thickest at 
the region of juncture of thorax and abdomen, and tapering toward 
each end, the head and = abdomen terminating in conspicuous append- 
ages. The head (Fig. 4, a) is well differentiated from the thorax, is 
broad at the base, and ends in two processes unequal in length. The 
terminal one appears single, but may later be found to be paired, and 
probably represents the mandibles. It has a distinct backward curve 
at the apex, and is elongated into a sharp tapering hook. At its base is 
the other, but shorter and less pointed tooth, that is perhaps to be 
regarded as the maxille, although, like the mandibles, it is apparently 
single in structure. These processes are capable of closing upon one 
another, having been found close together in some specimens, and 
more or less apart in others. 

The posterior end of the abdomen bears a single median appendage 
(Fig. 4, b) compressed in form and sharp on its front and hind edges. 
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It is about half as long as the thorax and abdomen combined, semi- 
transparent, curves lightly forward at the middle, then backward at 
the tip, where it ends in a sharp point, whereas the rest is blade-like 
and bears a single tooth at the base on the front margin. 

Segmentation occurs, but may be noticed only in the minority of 
larve, because their bodies promptly absorb the liquid in which they 
are studied, and the segments are erased in a few minutes by the 
resulting distention of the body wall. The thoracic and abdominal 
regions seem to be composed of eight segments of about equal length. 
Sometimes three and at times four bands of long hairs may be distin- 
guished, which extend entirely around the body at the thorax and 
abdomen, but are seen most readily on the dorsum. In other individuals, 
or perhaps other postures of the same individuals, the hairs do not 
seem to occur in rings, but quite uniformly distributed over these 
regions of the body. 

When the cephalic and caudal appendages are turned ventrad at 
right angles to the long axis of the body (Fig. 4) the length of the first 
instar larva is about 0.25 mm. but when these are extended, the length 
is almost doubled, varying from 0.404 to 0.461 mm. 

Arising between the mandibles and maxille (Fig. 4, d) is the digestive 
tract. It isa simple sack-like organ, capable of many shapes as required 
by varying amounts of food contents. The yolk of the host is granular 
and sometimes semi-viscid, but, being colorless, the yolk does not 
enable one to trace readily the course and extent of the alimentary 
tract. However, its outlines are sometimes visible. Most often it is 
pouchlike, and indications of proctodaeum and anus were not found in 
this instar. The body cavity contains a semi-liquid substance that is 
more or less granular and colorless like the yolk in the alimentary 
canal. Further internal structures were not studied. 


Similar first instar larve, belonging to Chalcidoidea and 
Proctotrupoidea have been described as parasitic in the eggs 
of insects. Ayers (10) found it in the eggs of Oecanthus niveus, 
the parasite, called 7eleas by this writer, having since been 
shown to be Polynema bifasciatipenne Girault. Essentially 
like it also are the first instar larve of the Proctotrupoids, 
Eumicrosoma benefica Gahan, reared by McColloch and Yuasa 
(11) from the eggs of the chinch bug, and that of Telenomus 
cosmopeple Gahan, obtained by the writer (12) from the eggs 
of the Pentatomid, Cosmopepla bimaculata Thomas. 

This instar of Polynema striaticorne is noticeably less active 
than that of Telenomus cosmopeple (12). Not until October 21, 
did the writer observe a few specimens that did more than 
barely bring head and caudal ends slowly toward one another. 
T. cosmopeple regularly doubled these ends over themselves 
and extended them alternately, in locomotor and yolk-churning 
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movements. P. striaticorne was similarly active on the above 
date, in one instance continuing for one and a half hours. 
It is believed that normally this parasite always uses its 
appendages in the same manner and for the same objects as 
does 7. cosmopeple when in the host. Movements of the 
present species in its host can not be seen as in cosmopeple, 
because the larva and the yolk are concolorous. Movements of 
striaticorne were observed, therefore, only after it was removed 
from the host to the salt solution. The greater activity of the 
parasite in the fall may indicate an increase, in the autumn, 
of the density of the body fluid. That is, the preparation for 
the winter season by storage of larger amounts of nutritive 
and insulating substances presumably slows down the diffusion 
of water into the body, and therefore the larva lives longer in its 
normal, undistended state, which permits flexing of the body, 
whereas the inflated condition usually reached promptly earlier 
in the year in the salt water prevented such motion. 


LATER INSTARS OF THE LARVA. 


If measurements of larvae newly removed from their hosts 
may be taken as an index of the number of instars after the 
first in this parasite cycle, P. striaticorne seems to have three 
more such instars, (Figs. 5-8). Their lengths varied from 
0.375 to 1.02 mm., and after allowances are made for changes in 
length due to growth within an instar, the measurements 
may be separated into three groups according to distinct 
differences in this dimension. The second instar forms (Fig. 5) 
are believed to range from 0.375 to 0.45 mm., the third (Fig. 6), 
from 0.61 to 0.74 mm., and the fourth (Figs. 7 and 8), from 
0.85 to 102 mm. 

When the first instar moults, the prominent appendages 
(Fig. 4, a, b, c), cephalic and caudal, and the bands of hairs, 
are lost, making this instar readily distinguishable from all the 
later ones. One first instar larva, supposedly in the act of 
ecdysis, was found without the prominent head structures, 
and the hairs had been shuffled backward toward the base of 
the caudal whip which was still in place. 

All the structures that can be seen are possessed in common 
by the second to fourth instars. As has been observed in many 
other hymenopterous larve of a parasitic nature, there is a 
distinct reduction or simplification of structure after the initial 
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moult. The larve are bag-like now, with only a cephalo- 
ventral prominence which may represent a pair of mandibles, 
and sometimes a posterior point may be found, its discovery 
depending on the degree of distention of the larva. Ordinarily 
only one hook may be seen at the mouth opening, but a properly 
stained, magnified and illuminated specimen of the largest size 
was found to possess two falcate mandibles (Fig. 7, a). Segmen- 
tation is rarely, if ever, visible, only one larva of the third or 
fourth instar having been seen with twelve segment-like rings 
behind the head. If they are normally present, failure to locate 
them always may be due to the use of the improper dilution of 
salt as a medium in which to study the insects. The outer 
surface of the body is colorless and smooth, and without cuticular 
appendages. In all unstained specimens a narrow esophagus 
(Fig. 5a) leads from the mouth situated at the bases of the 
mandibles. As in the first instar larva, the digestive tract 
consists of a pouch various in size, and undifferentiated com- 
pared with the regions usually recognized in less specialized 
forms. The contents are either uniformly granular, or, as 
was found in one well-stained specimen (Fig. 6) of the third 
instar, about four-fifths of the tract was filled with several 
blocky, solid, opaque particles, which were probably waste 
matter, and a smaller area contained a semi-liquid substance 
of light color and granular in texture, which was probably the 
currents yolk food supply of the larva. In this individual 
was found also the only evidence seen that a proctodaeum 
(Fig. 6a) exists. Attached to the hind surface of the digestive 
pouch occurred a flask-shaped structure whose neck reaches 
the body wall of the larva, and whose transparency indicated 
that it was empty. These features suggest that it is probably 
the hind intestine and that it is unused during the larval stage. 

The most commonly observed alimentary activity was what 
the writer regards as peristalsis (Fig. 8). During latter May 
and early June larve of about the third instar observed through 
the host egg shell (Fig. 8b) plainly exhibited a definite transverse 
constriction around the alimentary canal. The constriction 
in the form of a contraction wave was often noticed to pass 
along at a uniform rate and depth from one end to the other 
of the tract, and then travel back again to the other end in the 
same manner, and was seen to alternate thus for two days in 
several specimens. This peristaltic movement effected a churn- 
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ing up, into a homogeneous quantity, of the yolk, and no doubt 
also the waste matter present in the tract. Hence, it would 
seem that the rate of alimentation is retarded as the larva 
becomes older and the proportion of waste to food matter in 
the tract increases. In general, the contents varied from 
semi-liquid to a more or less solid state, being more opaque 
and therefore firmer in the older larve. Accompanying the 
peristalsis was always a writhing action of the whole larva; its 
cauda pointed upward and the head downward served as 
leverages against the inner wall of the host egg. These move- 
ments set into a swirl the yolk-like substance in the body 
cavity as well as the remaining yolk in the host egg. By these 
movements, therefore, the larva, now limited to gyrating 
lateral motions by the fact that it fills longitudinally most of 
the egg cavity, brings the waning yolk supply to its mouth 
opening. When full grown, the larva fills quite snugly the 
lumen of the host, and the supply of yolk is practically con- 
sumed by this time. The larve, upon approaching maturity, 
at least in some cases, become pink, this color being due to the 
color of the large amount of waste matter in the alimentary 
tract. After transformation to pupa, this pink mass of faeces 
is to be found free in the bottom of the egg cavity. 


PUPATION AND ADULT EMERGENCE. 


Several newly transformed pupz were seen. They are 
typical hymenopterous pupez in form, but elongate by accom- 
modation to the slender cavity of the host egg. The bright 
shades noticed during the development of some other pupz 
in this order were not seen in this species. The adults issue 
by chewing small round holes into the egg shell at the end or on 
the side near the end. Individual adults were seen that had 
succeeded in cutting out of the host egg, but were kept from 
freedom by a cover of thin bark that crept over the scar as a 
result of the growth of the elm tree during the immature life 
of the parasite. The portion of bark concerned is that which 
lies between the pair of egg masses and loosens after it dries. 
Sometimes these barricades are so thin that the parasite can also 
penetrate them, by chewing in them holes of the same diameter 
as are made in the eggs themselves. 
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GENERATIONS IN A YEAR. 


Direct data indicating the duration of the developmental 
stages of the parasite were not obtained. But that these are not 
abnormally short or long is suggested by the occurrence of 
what seem to be three generations in a year. The number of 
generations annually can only be inferred from general facts. 
The first generation appeared in good numbers in the field in 
the middle of May, and examinations of eggs revealed the 
presence of chiefly pupz and adults between May 2 and May 20. 
Beginning with May 26, a large proportion of the eggs were 
empty, showing that many nymphs and adult parasites had 
issued. During June the parasite became much less con- 
spicuous. Indications are then that the first generation of 
adults emerges during May. 

The first egg of P. striaticorne was found on May 26. 
Adults were seen in the scars on elm in the field on May 18, but 
probably occurred at earlier dates, hence, oviposition by the 
first generation adults began in the first half of May. Larger 
numbers of larvze were found in eggs from June 25 to August 9, 
both at Urbana-Champaign and at Oak Harbor, and maximum 
emergence in cages occurred between July 22 and August 25 
in both places. An increase in number of empty eggs, over that 
of the first generation, was also noted. The development of 
the second generation from the first egg to the last adult would 
therefore seem to have taken place between about May 15 and 
August 25. 

One of the questions of special interest in the bionomics of 
this insect was the arrangement by which it would bridge over 
the supposed mid-summer gap between the annual generations 
of the host, during which time, so it seemed, there would be no 
host eggs available. The answer lay in the fact that some 
buffalo tree hopper embryos were still found on June 30. Also 
in one instance a first instar parasite larva was discovered in 
the very center of a well advanced hopper embryo, which 
suggests that the parasite can survive in the embryo, and 
furthermore, the delayed occurrence of the embryos may at 
times be due to their being parasitized. Inasmuch as maximum 
emergence of the adults was still continuing in cages on August 
25, and because the new C. bubalus eggs were laid on August 18 
and probably earlier, a good number of adults of the second 
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generation found fresh hosts available for the reception of their 
progeny. 

Larve, pup, and adults were again found in eggs between 
September 28 and October 18 and in cages adults issued from 
September 26 to November 15. Hence, one full generation 
seems to develop in the new tree hopper eggs in the autumn. 
This generation, the third of the year, infests a new lot of eggs 
in which the parasite hibernates in the larva stage. All larve 
seen during the autumn and on December 24 were of the first 
instar. 

The parasite, therefore, seems to pass through three gen- 
erations per year, the first carrying the species from October 
to May, the second beginning before many of the nymphs 
reach the point of hatching in May and June, and the third, 
attacking the newly deposited eggs of the host, chiefly in August 
and September. 


ECONOMIC IMPORTANCE OF THE PARASITE. 


A total of 1,351 eggs of Ceresa bubalus eggs were examined 
individually during the season. Of these, 433, or 31%, con- 
tained a parasite in one or another stage. However, if the 
eggs studied in the fall had been left in place on the tree many 
of them would have been parasitized by the two later gen- 
erations. The parasite, on account of its size, doubtlessly 
escapes notice at times, especially in the egg stage. Percentage 
of parasitism could best be determined in August when most 
of the nymphs and parasites have issued, and the egg shells 
are still for most part in place. Previous parasitism may be 
recognized by the blackened membrane present in egg shells 
that formerly harbored parasites. By this more correct method 
of determination, the ratio of parasitized to unparasitized eggs 
would probably prove to be much higher than 31 percent. 


PROPORTION OF THE SEXES. 


Although females outnumbered males in several instances 
in a series of daily rearings, the proportion of males to females 
for the year was more than three to one, or 646 males to 197 
females. Both sexes were present on all days when cage 
contents of adults were removed. Rearings from elm twigs 
taken at both Urbana-Champaign and Oak Harbor are included 
in these figures. 
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OTHER FORMS FOUND IN THE STUDY OF THE PARASITE. 


Four specimens of Chalcids representing two species not yet 
identified were obtained from the rearing cages on August 9, 
September 27, and November 15, from Urbana-Champaign 
twigs. These are not necessarily parasites of the buffalo tree 
hopper. 

In addition to insects, one may commonly find on the 
infested twigs at various times of the year, a minute species of 
mite determined by Dr. A. E. Miller, of the Illinois State 
Natural History Survey, as Hemtsarcoptes malus Shimer, and 
previously known to be associated with eggs, nymphs and 
adults of the oyster shell scale. The writer believes they are 
scavengers on the egg shells or the shed skins of the parasite or 
tree hopper, and not predaceous on the living insects. They 
are most abundant in the empty eggs in the tree hopper scars. 
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THE PRESERVATION OF IMMATURE INSECTS. 


E. G. KELSHEIMER, 


Assistant Entomologist, Ohio Agricultural Experiment Station, 
Wooster, Ohio. 


The object of this paper is to indicate as concisely as possible 
some of the most essential features in connection with the 
preservation of the immature stages of insects. It is intended 
largely as an aid to those anxious to make collections for home, 
school, and general educational purposes. Quite often, too, 
the collector obtains a single specimen of some rare insect and 
wishes to preserve it in as near natural conditions as possible. 
An attempt will be made to present some of the more common 
methods of effective preservation. 


THE PRESERVATION OF EGGS. 


A very common procedure is to place eggs, leaves, et cetera, 
into a vial containing alcohol or formalin or a combination of 
the two without much regard for the strength of the solution. 
Quite often the eggs are left in the original solution with the 
ultimate result that they are ruined for exhibition purposes and 
class room work. 

There are two general methods of egg preservation in use 
namely, the liquid preservative and the dry preparation. 


THE DRY PRESERVATIVE. 

The thick walled eggs of many of the species of insects are 
admirably suited for dessication or dry preparation; they may 
be placed in pill boxes containing cellulo-cotton or absorbent 
cotton, and set away in a cool place. Eggs of locusts which 
are deposited in the ground may be preserved intact within 
the soil. Final preservation is made in vials or sealed tubes. 


LIQUID PRESERVATION. 


A different procedure is followed with the soft eggs of other 
insects. Most of the eggs are deposited in masses and glued 
to the surface of an object. It is desirable that attempts be 
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made to preserve the natural color of the eggs and the object 
upon which they have been deposited. 

Fresh specimens of leaves and eggs retain their natural 
color for a longer period of time than do those slightly wilted. 
Leaves of squash, bearing the eggs of Anasa tristis may be 
placed in a 38° formalin solution to which has been added a 
minute piece of copper acetate. The specimens are left in this 
solution for two weeks and then transferred to 38% formalin 
for several washings. From here they are run through weaker 
strengths of formalin down to 10% and then transferred to 
30% alcohol for two changes one day apart and then to 50% 
for one day, 70% for a day, and to 80% where they may remain 
until all evidences of discoloration have disappeared. Final 
preservation is made in 95% ethyl alcohol. This preserves to 
a fair degree the red color of the egg and the green of the leaf. 

Chrysomelid eggs, such as those of the poplar beetle, Lina 
scripta, may be boiled with portions of the host plant in 80% 
ethyl alcohol for 1 minute and then transferred to a .5 of 1% 
solution of copper acetate dissolved in 95% alcohol. The 
specimens should remain in the solution for about two days 
depending upon the amount of material and condition of the 
specimens. Transfer to 95% ethyl alcohol and change as often 
as desired. Final preservation is made in 95% alcohol. The 
boiling process removes most of the green coloring matter from 
the leaves which is later replaced by the copper acetate. The 
yellow color is retained in the eggs. 

White eggs such as those of Aradide@ or flat bugs and other 
species occurring on bark, wood and material other than 
green leaves may be placed in 80% alcohol with frequent 
changes until discoloration has ceased and then preserved in 
95% alcohol. Many of the more delicate eggs, especially those 
of aquatic insects may best be fixed in Bouins picro-formal 
solution. The formula for making this is: 

Picric acid, saturated aqueous solution................. ....¢9 parts 
PON cerevkcksaes< oc kutcevnennesdueewns acecanea as .25 parts 


Acetic acid (glacial) wie S¢ievtusy eanesad kuyeean een 5 parts 
One grain of picric acid crystals will saturate about 75 c. c. of water. 


Allow the specimens to remain in the solution from 12 to 
24 hours, and then wash with 70% alcohol until all traces of 
the yellow coloring matter have been removed. After dis- 
coloration of the liquid has ceased, run through 80% and make 
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final preservation in 95%. Heating may hasten the removal 
of the color. 

This may be a somewhat longer process and where haste 
is desired, the eggs may be put in 30% alcohol and gradually 
run up in the series until 95% is reached. If the eggs were 
immediately placed in 95% the water would be removed from 
the eggs and coagulation would be so rapid that misshapen 
eggs would result. 

A method which has been in use for only one season that 
offers many possibilities is the one used by the writer in the 
preparation of European corn borer eggs masses for museum 
mounts. Fresh leaves of corn bearing egg masses are cut to 
the desired shape and placed in a solution of Uranium nitrate, 
the formula of which is given below: 


Uranium nitrate 1.5 grams 
Ethyl alcohol (959 commercial) 90 c. c. 
Formalin (38% commercial) 5c. c. 
Glycerine 2.0. C. 
Glacial acetic acid 2.5 c. Cc. 
Copper chloride 5 grams 


The same solution which is discussed under preparation of 
the larve may be used for the green pigmented forms. 

The egg masses may remain in this solution from three to 
five days and are then removed to 50°%% ethyl alcohol for two 
to three days and run through 60, 70, and 80 percent with final 
preservation in 95% ethyl alcohol. The eggs and the leaves 
retain their natural color but some difficulty is experienced 
with the loosening of the egg masses from the corn leaves. 
The loosening from the corn plant is not entirely due to the 
chemicals because quite often the egg masses are not tightly 
glued to the leaf surface and can be easily removed by gently 
wrinkling the leaves. Some work has been under way with 
the use of a dilute shellac covering applied to the eggs to prevent 
them becoming loosened, but has not progressed far enough to 
be discussed here. 


THE PRESERVATION OF THE LARVA. 


It is desirable to keep all collected material fresh as possible. 
Healthy, recently fed larvae make the best specimens for 
mounting. 

The most simple method of preserving for classroom and 
laboratory work is to drop them into boiling water. The 
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reasons are (1) Heat kills bacteria and prevents discoloration; 
(2) it coagulates the protein; (3) it straightens and preserves the 
form; (4) leaf feeding forms do not give off so much green color- 
ing matter when later preserved in ethyl alcohol. 

The length of time for boiling depends upon the species 
and condition of the larve. For ox-warble, horse-bots, cut- 
worms, armyworms, and stalk borers a minimum of three 
minutes and a maximum of five is required for length of time 
in boiling water. With large, thick bodied larve, a longer 
time is required. In the case of large larve such as the 
Cecropia and Sphingide a different procedure must be followed. 
When these larve are dropped into boiling water, they curl 
up instantaneously, the same as other larve, but with these 
it is somewhat different because their body walls are so hard 
and thick, and the body contents so quickly coagulated that 
it is next to impossible for them to straighten out. To over- 
come this undesirable feature one must put them in hot water 
and gradually bring to a boil allowing them to remain in the 
boiling water from three to five minutes. Quite often a specimen 
will curl up when removed from the boiling water. This is 
due to the specimen being removed too quickly. The contents 
of the boiling may be poured over a screen wire and the larve 
placed singly into a jar containing 80% ethyl alcohol. It is 
best to grasp them by a trueleg, for although the body contents 
have been hardened by boiling, the pressure exerted on them 
by squeezing with forceps may cause them to retain that shape 
when hardened and preserved in alcohol. 

The writer prefers to place the larve in 80% alcohol rather 
than 95% upon removal from the boiling water because quite 
often they are shriveled as a result of the body water being 
removed in the boiling process. The larve absorb enough 
water from the 80% alcohol to properly expand them before 
the alcohol has time to harden the tissue. If the larve were 
placed in 95% alcohol the tissues would harden too quickly for 
the absorption of the water and a misshapen specimen would 
result. A common mistake is the crowding of larve into a 
container with just enough liquid to cover them. One readily 
sees why such a procedure results in misshapen specimens 
especially if they have been boiled. Each larve should have 
about six times its volume of liquid since in the boiling process 
much of the water content is lost and only 20% of water is 
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available for absorption when an 80% alcohol is used; there is 
sufficient alcohol in this strength to harden the tissues. The 
alcohol may be changed in a week and after that as often as 
desired. When discoloration has ceased final preservation is 
made in 95% ethyl alcohol. 

If specimens are desired for morphological work, preserv- 
ation in 70% alcohol without any previous treatment of the 
larve serves the purpose, because the tissues remain soft. 
In the case of small larve such as the Chrysomelide, one may 
boil in 80% alcohol. 

Some larve, such as the Noctuide, Pyralide, Sphingide, 
etc., may be injected with pure 38% formalin. The writer 
uses a standard Insulin hypodermic syringe and needle for 
this work. The method in brief is this:—select a healthy, 
recent fed, larva, cover the mandibles with cotton to prevent 
the biting of itself, insert the needle in the anus and discharge 
the contents of the syringe into the larva. There is an instan- 
taneous coagulation of the protein and if care is not properly 
exercised the tissue may harden before the specimen is properly 
injected. After allowing a few seconds for the liquid to come 
in contact with the tissue the needle is withdrawn and the 
specimen placed in a jar of 38% formalin. The specimens 
may remain in this solution or run through successive changes 
to weaker formalin. 


THE PRESERVATION OF COLOR IN THE LARVE. 


The foregoing discussion dealt with the preservation of 
larve in a rather gross manner. We will now consider the 
matter of the preservation of color as well as form. It is 
highly important in museum mounts to have the specimens 
retain their natural color. In the case of insects which have 
two or three pigments it is desirable to use a solution or a combi- 
nation of the two which ‘‘set’’ the pigments. Blue colors are 
most variable and readily pass to violet or red, but frequent- 
ly to white. The most tenacious colors are the yellows. 

Color falls into two categories—chemical and physical; 
chemical color depending on the chemical make-up of the 
body, physical on its structural or physical make-up. As a 
matter of fact most insect colors are due to a combination of 
these two kinds. 
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Tower* says, ‘‘that among insects the chemical colors are 
yellow, orange, red, buff, brown, black, and rarely green, blue 
and black; physical colors are the pearly colors, almost all 
whites and rarely violet, green, reds and some metallic and 
iridescent colors; while chemico-physical colors are violet, 
greens, reds, and iridescent and almost all metallic colors.” 

The pigments on which chemical and partly physico- 
chemical colors depend, may be divided into cuticular colors 
and hypodermal and subhypodermal. The cuticular colors are 
produced by coloring substances situated in the chitinized 
cuticle that overlies the whole insect body; they are permanent 
colors, insoluble, without actual dissolution of the cuticle, in 
water, acids, alkalies, ether, or essential oils; they are brown, 
blackish, drab, some yellows, and possibly some reds. It is 
obvious that no one chemical will preserve the color of all kinds 
of insects. 

Alum (formula I) is used for the larve possessing colors of 
the cyanic series from which carotin is absent; boric, (formula II) 
for the yellow and orange color; zinc-chloride, (formula III) 
for the brown and russets; sulfurous acid, (formula IV) for 
the light colors in which bleaching is of little consequence, and 
formalin (formula V) for colors of the cyanic series. 

The formulas are listed below: 


FoRMULA I. ForMuLa IV. 

Alum Pere Pe 5gram  Sulfurous acid........ LeG 2c. c. 
Ethyl alcohol 50% 95c.c. Ethyl alcohol 50% 98 c.c 
ForMuLa IT. : 

Bist aes ForMULA V. 
MRR occa eas wes ” 2 gram 7 a 7 
Ethyl alcohol 50% cs A Formalin 38% es dee a ae 
: Ethyl alcohol 50% 7 95 c. c. 
ForMuLA III. 
Zinc chloride............ ...-.0 gram 
Ethyl alcohol 50%..............95¢. ¢. 


The same procedure is followed here as in the formalin 
injection. The same type of syringe and technique is used. 
After injection, the larve are placed in containers of the same 
solution; they may remain in the solution from three days to 
one week after which they are transferred to 50% alcohol for 
one day and run through the successive alcohol until final 
preservation in 95% ethyl alcohol. 


* Tower, W. L. Colors and Color-pattern of Coleoptera. Decennial Pub. 
of Univ. of Chicago, 1903, Vol. X, 33-70. 
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The hypodermal colors are produced by pigments lying 
in the hypoderm (cellular layer of the skin, just underneath 
the cuticle) and are of two sub-categories, viz., first, some 
yellows and green which are due to xanthophyll and chlorophyll 
taken from plantfood, which are not permanent and are soluble 
in the usual organic solvents; and second, certain permanent 
colors, reds and chrome yellows, due to definite pigment granules 
imbedded in the cytoplasm of the hypodermal cells. The 
subhypodermal colors are due to various substances, as derived 
plant pigments and others, in the haemolymph (blood) which 
show through the skin (hypoderm and cuticle). 

The solution best suited for the hypodermal and sub- 
hypodermal pigments is given below: 


Uranium nitrate 1.5 gram 
Ethyl alcohol, 95°% commercial 90 c. c. 
Formalin (commercial 38°%) 5c. ¢c. 
Glycerine 2.5 c. c. 
Glacial acetic acid 2.5 c. c. 


The purpose of the glycerine is for those forms which are 
liable to injury by osmosis. 

This preparation may almost be used as a standard for 
preservation of the natural color in larve where injection is 
practiced. The same technique of injection is used here as 
in the preceding methods. The injected larvae may remain in 
this specific solution from three to seven days, then transferred 
to 50% alcohol and run through the successive strengths until 
final preservation in 95% ethyl alcohol. 

Where the green coloring in a larva is desired the same 
chemical proportion is used with the exception of 5 grams of 
copper chloride being added to the solution. The same tech- 
nique is employed here as for the other. 


THE PRESERVATION OF THE PUPA. 

When the natural color and sheen of a specimen is sought, 
the pupe may be killed in hot 80% ethyl alcohol. Care must 
be taken that the alcohol is not boiling or the pup will distend. 
When the alcohol is hot to the touch of a finger, the pupz may 
be dropped in and allowed to remain in the same solution. The 
hot alcohol kills the pupa, does not distend, and preserves the 
natural color. Hot water may be used when no alcohol is 
available. The pup are transferred to a 70% alcohol or 
10% formalin. 
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If pupz are desired for comparison, classroom work, the 
dry preparation is very satisfactory. The pupz are placed in 
a cool, dry place and dessicated. The natural color is usually 
lost when this method is used. 


PREPARATION FOR MUSEUM PURPOSES. 


After the final alcohol change has been made, the specimens 
are ready for the museum shelf. Containers ranging in size 
and shape from test tubes, cream bottles, vials, up to battery 
jars are used. Where uniformity, beauty and permanency are 
considered, no better method exists than that devised by 
Dr. R. D. Glasgow, of the University of Illinois. By this 
method alcoholic and dry specimens are preserved in hermetically 
sealed glass tubes. 

The equipment necessary is one bellows, bunsen burner 
which allows for regulating heat of flame, ligature tubes, 
forceps, bent needles, labels, cotton, a piece of wire, a file, and 
an atomizer or rubber bulb. 

The ligature tubes are of medium glass, round bottom, 
special make. The writer has found these diameters the most 
convenient, 8, 10, 12, 15, and 20 mm. The length ranges from 
150 to 170 mm. These tubes may be secured from the Chicago 
Glassco Products Company, of Chicago. 

The method of mounting and of sealing in brief is this: 
The specimen, if it be a larva is inserted in the tube head first. 
Enough 95% Ethyl alcohol is added to cover the larva and 
allow for some excess. Next, the cotton plug with the label 
placed around it is inserted, the same being pushed down by 
the wooden handle of the needle; the cotton and labels are 
straightened by means of the bent needle. The excess alcohol 
is poured off and the tube is now ready for sealing. The tube 
is gently warmed and then rotated in the flame so that all 
portions of glass in the flame receive the same intensity of 
heat. The tube is not drawn out but is melted down and then 
drawn out. The thickness of the neck should be as thick or 
thicker than the tube proper. It must be understood that the 
tube is not sealed tight, for it is obvious an explosion would 
result. Furthermore, the tube is only partially filled with 
alcohol. After the drawn out portion of the neck has been 
cooled, the extra portion is broken off by making a scratch 
with a file and giving it a snap thus insuring a clean even 
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break. Alcohol is now forced into the tube by means of an 
atomizer bulb. The tube is wiped dry, touched to the flame 
which produces a tiny spurt of flame caused by the alcohol 
in the neck and it is now ready to be sealed, This is done by 
rotating the tip of the neck in the flame and removing when it 
becomes red. Many mishaps will result before the techsnique 
of removing the tip at the critical time is mastered. An 
instant too soon results in a tiny air hole and an instant too 
long results in a bubble burst. The writer has found it advisable 
to leave the neck of the tube just a little longer than necessary 
to provide for such occurrence. Quite often the tip can be 
filed off, reheated and the tube made good as ever. Sometimes 
it cracks a little too far and the tube must be broken up and 
specimens put in a new tube. The tubes may be tested for 
air holes after cooling by sucking on the necks of the tube with 
the mouth. 

If properly preserved and sealed, the specimens will last 
almost indefinitely without any deterioration. 





A DEMONSTRATION OF THE LOCATION OF AUDITORY 
ORGANS IN CERTAIN ORTHOPTERA. 


B. B. Futon, 
Iowa State College.* 


Although the organs associated with the tympana in the 
front tibie of Tettigoniide and Gryllide are called auditory 
organs, there seems to be little experimental evidence to show 
that they are organs of hearing or that these insects can hear 
at all. It is assumed that such organs are auditory in function 
because by structure they seem to be well fitted for that purpose. 
These sense organs, in common with so-called auditory organs 
in other insects, are characterized by the presence of minute 
peg-shaped structures known as auditory-pegs or scolopale. 
Among the crickets and katydids, only the species having 
stridulatory organs possess also the tympanal organs. Snodgrass 
(1) sums up the situation by saying that the principle argument 
in favor of their auditory nature is ‘‘if they are not ears, what 
are they.” 

Much has been written pro and con on the subject of whether 
insects can hear. Forel (2) after experimenting with various 
kinds of sounds concludes that with few exceptions, insects do 
not hear but that they are remarkably sensitive, through their 
tactile organs, to mechanical vibrations of the ground or 
objects on which they are resting. He states that only crickets 
and several other Orthoptera appear to perceive sounds. More 
recently a number of workers have demonstrated that certain 
Lepidoptera are able to detect sounds. Turner and Schwarz (3) 
working with Catocala moths and Turner (4) working with 
several Saturniide concluded that these moths could detect 
sounds. Minnich (5) experimenting with larve of Vanessa 
antiopa and Abbott (6) with Datana caterpillars found that 
these larve reacted to sounds but failed to do so when the 
body hairs were loaded with water or other substances. 

The fact that certain species of singing Orthoptera synchron- 
ize their notes, seems to me conclusive evidence that they 
can hear each other. Such a simultaneous sounding of notes 
could hardly be a matter of accident. Neither is it an auditory 
illusion as some writers have claimed. Allard (7) has demon- 
strated this, I think, conclusively. 





*Now at North Carolina State College. 
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Synchronized stridulation is exhibited by a number of species 
of Orthoptera. The snowy tree cricket, Oecanthus niveus, 
De Geer, is perhaps the best known example. During the 
past summer I observed synchronization in two local species of 
Tettigoniide. While studying the songs of these insects I was 
impressed with the idea that here was excellent material for 
testing the auditory powers of the tympanal organs on the 
front tibia. Accordingly I set about collecting males of all 
such species as were available in this locality. 

The first species collected was Amblycorypha rotundifolia 
brachyptera Ball (A. iselyi Caudell), a short winged katydid 
inhabiting the prairies. This insect starts singing in the 
afternoon and as evening approaches the number of singers 
increase. The song is a series of 20 to 30 short metallic rasps 
at the rate of 4 per second (at 67° F.). Each series of notes 
last about 5 to 7 seconds and is followed by a period of rest of 
about 5 seconds. 

The synchronism exhibited by the ten males which I placed 
in one cage was almost perfect. The song of the group was 
continuous and as each individual started its series of notes 
anew it would fall in with the general cadence. It was only 
by detecting slight variations in the quality and volume of the 
chorus that one could be aware of the pauses in the individual 
songs. 

After observing the song of the whole group for two nights 
I removed four males to another cage at some distance from the 
first and with a small scissors cut off their front tibiz close to 
the femora. For the two following nights only one of the 
mutilated katydids was heard singing at one time. On the 
third night two sang more or less continuously. The notes 
were not synchronized except as they happened to sound 
together at times. The two males happened to have slightly 
different normal rates so that if they started their series of 
notes in unison they would usually be sounding them alternately 
at the close. I observed 36 consecutive periods when both 
males were singing at once and of these there were only two 
when the notes did not interfere at some time, during the 
period. Following these observations I went back to the 
cage of normal insects and listened carefully to four singers 
for ten minutes. During this time there were only two short 
intervals during which a few notes were sounded out of cadence 
as one of the singers began a series of notes. 
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In order to be doubly sure that my senses did not deceive 
me I requested someone who had no knowledge of the experi- 
ment to listen for a few minutes at each cage to see if they 
could detect any difference in the songs. This observer noted 
at once that the song was rhythmical and synchronized in the 
first cage but not in the second. 

The katydids in both cages continued to live for a few weeks 
and their songs were observed many times but always with 
same results. At times as many as three of the mutilated 
males could be heard singing at once, with a still greater con- 
fusion of notes. 

I next collected a number of snowy tree crickets (Oecanthus 
niveus, De Geer) and caged them in two lots. The song of this 
species is a clear whistling note rhythmically repeated for an 
indefinite period. After waiting a few days to see that both 
cages contained willing singers, I amputated the front tibize of 
one lot and removed their cage from the vicinity of the other 
lot. The results were essentially the same as with the preceding 
species. When only two of the mutilated males were singing 
at once the effect was that of being synchronous at regular 
intervals separated by periods during which the notes sounded 
alternately. This effect is produced by any two sets of rhythm- 
ically repeated sounds having a slightly different frequency. 
Each cricket sang at its own individual rate uninfluenced by 
the song of others in the same cage. When three or more 
mutilated males were singing at once an utter confusion of 
notes resulted so that the rhythmical quality of their songs 
was entirely obscured. 

The song of the normal tree crickets in the other cage 
presented a striking contrast. Each individual sounded its notes 
in unison with the others, as if a single cricket were singing. 

The third insect I experimented with, the Nebraska cone- 
head, (Neoconocephalus nebrascensis, Bruner) proved to be the 
most remarkable synchronist of all. The song consists of a 
series of rasping buzzing notes each lasting a little over a second 
and separated by about equal intervals of silence. The length 
of the notes and their low frequency makes this species an 
easy one to study. At a temperature of 76° F. there were 
only 23 to 24 notes per minute. I have observed them in the 
field synchronizing their notes at a distance of 20 paces. 

I used only four males for my experiments with this species. 
It is rather difficult to collect for it sings only at night and 
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each specimen has to be captured by careful stalking while 
it is singing. The four cone-heads were placed in individual 
cages and separated into two lots, which were kept out of 
hearing range of each other. After testing both lots for syn- 
chronism, which proved to be perfect, the front tibie of one 
lot were removed. 

On the second evening after this operation both cone- 
heads were singing with a very conspicuous lack of coordi- 
nation. For about a minute at a time the notes of the two 
individuals would sound alternately, then gradually one song, 
would catch up with the other so that for another similar 
period the notes would sound simultaneously. 

At the same time the normal cone-heads in the other two 
cages were keeping up perfect synchronism. Sometimes one 
note could be observed to start a fraction of a second ahead of 
the other but never once did I hear them entirely separated. 

The removal of the front tibize of the insects used in these 
experiments did not seem to affect their general health in any 
way. Those operated on lived as long as the normal ones. 
Among the jumping Orthoptera the loss of one or more legs is 
apparently a matter of small consequence. They will vol- 
untarily kick off one or both hind legs in order to escape when 
captured. 

CONCLUSIONS. 

The species of Gryllide and Tettigoniide which practice 
synchronized stridulation are able to do so by virtue of auditory 
organs located in the front tibie or tarsi. The foregoing 
experiments confirm the theory that the tympanal organs of 
the front tibia are auditory organs, an assumption based on 
the circumstantial evidence of their structure and the fact 
that they are present only in stridulating species. 
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THE GENUS DRIOTURA OSBORN AND BALL AND THE 
GENUS UNOKA Gen. n. (HOMOPTERA, 
CICADELLID).* 


Pau B. Lawson, 


Lawrence, Kansas. 


The Genus Driotura Osborn and Ball. 


The following is the original description of this genus: 


Head short, transverse, obtusely conical, vertex over twice wider 
than long, anterior and posterior margin nearly parallel. Eyes large, 
two-thirds the width of the vertex, slightly wedged-shape, broadest 
near the vertex, narrowing and curving back around the sides of the 
pronotum. Face broad and short, front narrowing to one-half its 
former width on clypeus, conically inflated and slightly reflexed onto 
the vertex above, giving the impression of a pointed vertex with the 
ocelli back of the margin as in Tinobregmus. Clypeus short, parallel- 
margined, genz broad and strongly angled. Pronotum short, slightly 
longer than vertex, transversely striated on posterior two-thirds, 
posterior margin nearly straight, the lateral margin continuing around 
and below the eye as in Jassus without a lateral carina; abdomen short 
in male, much inflated in the female, suddenly narrowed to the long 
pygofers, which are considerably exceeded by the slender ovipositor. 
Legs stout. Elytra coriaceous, coarsely rugose, occurring in two 
forms:—brachypterous, in which their truncate tips scarcely cover the 
second segment of the abdomen, as wide or wider than long, the costal 
margin being curved around under the abdomen, extending broadly 
below the line of the eyes, anterior margin covered by the pronotum— 
in this form the wings are rudimentary:—-macropterous, in which they 
extend nearly to the tip of the ovipositor, broadly rounding behind. 
In this form the wings are fully developed and the pronotum is emargin- 
ate at the humeral angles, allowing freedom of motion to the elytra. 


This genus of leafhoppers is apparently distinctly North 
American though it seems very probable that collecting in 
Central America will extend its known range. References to 
its occurrence in the eastern hemisphere are seemingly in- 
correct. Kirkaldy’s description and figures of Driotura ari- 
starche from New South Wales do not fit this genus, and that 
species should, therefore, not be included in Driotura. 


* Contribution from the Department of Entomology, University of Kansas. 
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The genus occurs throughout the United States east of the 
Rocky Mountains, being found in the mountains themselves 
and running down into Texas, New Mexico and Arizona. 
Typically the species occur on upland and are thought to be 
grass-feeding for the most part. Except for D. gammaroides 
collections do not contain many specimens. We have, however, 
been able lately to collect and examine large series of the other 
species also, and find that they are much more common than 
was formerly supposed. 


MORPHOLOGICAL FEATURES. 


Aside from the general morphological features of the genus 
mentioned in the above description, the writer wishes to call 
especial attention to the wings and the genitalia. Out of over 
200 specimens of D. gammaroides examined, six had long wings. 
Among 250 specimens of D. vittata, three had long wings, and 
out of 150 specimens of D. robusta, none showed long wings. 
Thus in about 600 specimens there were but nine, or about 
1.5 per cent, of long-winged individuals. Moreover in every 
case among the brachypterous specimens the elytra cover only 
the first four segments of the abdomen, whereas in the mac- 
ropterous specimens they are always longer than the abdomen, 
practically reaching the tip of the ovipositor. In no case do 
elytra of any intermediate length occur. 

These elytra are evidently shortened by the complete loss 
of their apical half which is cut off cephalad of the anteapical 
cells. The greatly reduced hind wings of the brachypterous 
forms is a very curious structure. It is probably vestigial 
rather than rudimentary and is exceedingly small as shown by 
the illustrations which are drawn to scale. It shows no signs 
whatever of any veins. The elytra and hind wings of the 
macropterous forms are complete in every way, showing all 
the apical cells. 

The genitalia of the female are characterized by a very 
short last ventral segment which show small but distinct 
differences between the species. More striking differences are 
shown in the male genitalia where the valves are well developed 
and the plates short and broad but quite characteristic for the 
several species. The pygofer of the male, both in its general 
shape and in its apical hook, shows very striking structural 
characters which are constant for the species. 
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The male internal genitalia also show structures useful 
in the separation of the species, but with differences so slight 
that compared with these organs in most other genera of the 
Cicadellide, they are not nearly as useful for systematic pur- 
poses. There is, however, a very strong generic resemblance 
in these organs. The claspers are club-like, bent outward 
apically and with the whole distal portion conspicuously 
granulated with transverse file-like teeth. The small lateral 
process shows the most distinct specific characters since it 
varies in length and shape in the several species. The oedagus 
is much the same in the different species, showing but minor 
differences in size and in the proportion of its parts. 


Key to Species. 
1. Species distinctly mottled-gray.. , .robusta Osborn & Ball 
Species colored otherwise..... eri deseten , oh ir eioara’s ere 
Species larger; females, 3. 54 mm. : males, 3mm. Male plates long and 
rounded apically, female last ventral segment with distinct lateral angles, 
gammaroides Van Duzee 
Species smaller; females, 3-3.25 mm.; males, 2.75 mm. Male plates 
shorter and pointed apically, female last ventral segment without 
SE Ny. to he wecana eda eenres ; wececedersee. Obtlate Ball 


bo 


Key to Varieties of D. gammaroides. 


1. Uniformly black or nearly so ace era aire! gammaroides Van Duzee 
Distinctly marked with fulvous. . eee .2 
2. Black, with fulvous band across ely tra Bean's flava Osborn & Ball 
Uniformly fulvous........ petite an : ...fulva Ball 


Driotura robusta Osborn & Ball. 
Pl. XXVIII, Fig. 2; Pl. XXIX, Figs. 2, 2a—2e. 
Driotura robusta Osborn & Ball, Proc. Dav. Acad. Sci., VII, p. 87, 1898. 


Form.—Vertex nearly one-half longer at middle than next the eye, 
nearly twice as wide as long, anterior margin rounded, broadly rounding 
with front. Pronotum about as long as vertex, three and one-half 
times as wide as long, anterior and posterior margins nearly parallel 
except laterally, posterior half faintly striated. Scutellum very small. 
Elytra strongly rugose, extending well on to fourth abdominal segment. 
Ovipositor strongly exceeding abdomen. Face distinctly broader than 
long. 

External Genitalia.—Female last ventral segment over twice the 
length of the preceding, posterior margin with a wide and shallow but 
distinct median notch and broadly rounding with lateral margins; 
pygofer exceeded by ovipositor by about half the length of the latter. 
Male valve short and broadly rounded; plates short and broad, lateral 
margins slightly emarginate, apices broadly rounded and divergent, 
usually distinctly exceeded by pygofer; pygofer bearing numerous short 
scattered setz and with a short and stout apical hook quite characteristic 
of the species. 
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Internal Male Genitalia.—Claspers in form of a bent club, the 
lateral process moderately long and pointed, apex of clasper bearing 
numerous file-like teeth. 

Color.—Light yellow marked with black, making entire insect 
mottled-gray. Vertex mostly light yellow with irregular markings black. 
Anterior third or half of pronotum black, remainder light. Scutellum 
black, lateral angles light. Elvtral cells black expecially on claval 
area, ramose veins light. Abdomen light, mottled with black spots 
around the bases of the fine hairs. Face light above with distinct black 
arcs, black across lower half of front, a light band below this which is 
continuous with light band of pronotum, apex of face usually black, 
especially lower half of clypeus. Rest of underside black, marked 
irregularly with gray; ovipositor brown. 

Nymphs.—Reddish-brown marked with yellow. Chief yellow spots 
as follows: Irregular marks on vertex and anterior half of pronotum, 
longitudinal line on each wing pad, four rows of small bristle-bearing 
spots on abdomen, over most of sixth and ninth segments and on 
sides of seventh and eighth segments. Underside reddish-brown, with 
conspicuous yellow band across lower part of face and other irregular 
yellow markings. 


Hosts —Usually taken on upland meadows where it seems 
to live on various grasses. 

Distribution.—Hitherto reported from North Carolina, Ten- 
nessee, Iowa and Colorado. The writer has before him additional 
specimens from several localities in Mississippi and also from 
the following Kansas counties: Jewell, Republic, Greenwood, 
Pottawatomie, Cherokee and Ottawa. Its range, therefore is 
undoubtedly from the mountains to the coast and throughout 
the south. 

Notes —Out of 150 specimens at hand from the entire 
known range of this species, there are no macropterous speci- 
mens, indicating the absence or at most the very rare occurrence 
of this form. 

Teneral adult specimens are uniformly light brown except 
for a few black spots on the vertex and may easily be mistaken 
for a new color variety. Even the rugosenses of the elytra 
is not apparent in specimens which have just molted into the 
adult stage but it becomes progressively apparent as the 
insect colors up. 


Driotura gammaroides (Van Duzee). 
Pl. XXVIII, Figs. 6, 6a; Pl. XXIX,. Figs. 4, 4a—4e. 


A thysanus gammaroides Van Duzee, Bul. Buf. Soc. Nat. Sci., V, p. 209, 1894. 
Driotura —— Osborn & Ball, Proc. Dav. Acad. Sci., VII, p. 89, Pl. 4 
Fig. 3, 1898. 
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The largest member of the genus; typically shining black. Length, 
female 3.5-4 mm.; male 3 mm. 

Brachypterous Form.—Vertex one-half longer at middle than next 
the eye, about twice as wide as long, anterior margin rounded, broadly 
rounding with front. Pronotum slightly longer than vertex, about 
three times as wide as long. Scutellum small. Elytra rugose, extend- 
ing well on to fourth abdominal‘segment. Ovipositor strongly exceed- 
ing abdomen. Face distinctly broader than long. 

Macropterous Form.—Vertex more parallel-margined and scutellum 
much larger than in brachypterous form. Elvtra about equalling the 
ovipositor. 

External Genitalia.—Female last ventral segment scarcely twice 
as long as preceding, posterior margin practically straight, forming 
rather distinct lateral angles; ovipositor about one-half longer than 
pygofer. Male valve large and more produced than in other species; 
plates longer than in other species, apices moderately rounded; pygofer 
bearing number of short spines and terminating in a large hook quite 
characteristic of the species. 

Internal Male Genitalia.—Characteristic of the genus, with lateral 
tooth of claspers smaller than in other species and the oedagus longest. 

Color.—Usually uniformly shining black above. Sometimes a line 
in front of ocelli, legs and ovipositor brown. 


Hosts —Taken usually on upland grasses. 


Distribution.—Hitherto recorded from Massachusetts, New 
York, North Carolina, District of Columbia, Tennessee, Iowa, 
Kansas, Colorado, Wyoming and Utah. In addition the 
writer has examined specimens from Illinois, New Jersey, 
Indiana, Kentucky, Connecticut, Virginia, Texas, Minnesota, 
North Dakota, Pennsylvania, Louisiana, Georgia, Alabama, 
Ohio and South Dakota. It is seen, therefore, to range over the 
United States east of the Rocky Mountains, having been taken 
in many more states than the other members of the genus. 


Notes.—Macropterous specimens have been taken in Con- 
necticut, Ohio, Iowa and Colorado. : 


Driotura gammaroides var. flava Osborn & Ball. 
Pl. XXVIII, Fig. 8. 


Driotura gammaroides var. flava Osborn & Ball, Proc. Dav. Acad. Sci., VII, 
p. 90, 1898. 


Color.—Tawny yellow, with most of face, vertex, pronotum, part 
of scutellum and dorsum of abdomen from fourth to seventh segments, 
black. This coloration gives the insect a strikingly banded aspect. 


Distribution.—This variety, known hitherto only from 
Iowa, has also been taken in New York, Illinois, Utah and 
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Mississippi. Its range is rather wide, therefore, but the 
number of specimens taken is very few. 

Notes—No macropterous specimens of this variety seem 
to have been taken. ; 

Driotura gammaroides var. fulva Ball. 
Pl. XXVIII, Fig. 7. 

Driotura gammaroides var. fulva Ball, Can. Ent., XX XV, p. 231, 1903. 

Color.—Typically brownish-fulvous with darker eyes. Some speci- 
mens, however, show distinct signs of becoming black, first on elytra 
and then on pronotum and abdomen. 

Nymphs.—Nymphs of this variety are of the same color as the 
adults. 


Distribution.—Hitherto recorded only from Colorado and 
Tennessee. In addition the writer has before him specimens 
from Utah, Illinois, Texas and a number of counties in Kansas. 

Notes.—Specimens of this variety are seemingly more 
abundant than those of the preceding variety, but no mac- 
ropterous specimens have yet been taken. At least out of 
some forty specimens at hand all are brachypterous. 


Driotura vittata Ball. 
P]. XXVIII, Figs. 1, la; Pl. XXIX, Figs. 3, 3a—3e; Pl. XXX, Figs. 2, 2a—2c. 
Driotura robusta var. vittata Ball, Can. Ent., XXXV, p. 231, 1903. 


A yellow species marked with black. Length, female 2.5-3 mm.; 
male 2.25-2.5 mm. 

Brachypterous Form.—Vertex nearly one-half longer at middle than 
next the eye, nearly twice as wide as long, anterior margin round, 
hroadly rounding with front. Pronotum about as long as vertex, 
three times as wide as long, anterior margin distinctly convex, posterior 
margin slightly concave medially, posterior two-thirds distinctly 
striated. Scutellum very small. Elytra somewhat rugose, usually 
reaching posterior margin of fourth abdominal segment. Ovipositor 
strongly exceeding abdomen. Face distinctly broader than long. 

Macropterous Form.—Vertex more parallel-margined and scutellum 
much larger than in short-winged specimens. Elytra fully reaching 
tip of ovipositor. 

External Genitalia.—Female last ventral segment about twice as 
long as preceding, posterior margin with strong median notch and then 
tapering to greatly reduced lateral margins; pygofer exceeded by 
ovipositor by about one-fourth the length of the latter. Male valve 
short and broadly rounded; plates short, exceeded by pygofer, apices 
pointed and divergent, lateral margins slightly sinuate; pygofer bearing 
short scattered setze and with a small, sharply pointed, distinct apical 
hock characteristic of the species. 
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Internal Male Genitalia.—Claspers in form of a bent club, the lateral 
process distinctly longer and more pointed than in the other members 
of the genus, apex of clasper bearing numerous file-like teeth. 

Color.—Vertex yellow with rectangular black band across basal half 
and with two large quadrangular black areas just inside black ocelli 
and a median black line extending up from the black front. Eyes 
dark. Pronotum yellow, marked with black as follows: Two wide 
black bands extending caudad of eyes, a large median spot on anterior 
margin and small spots between this and lateral dark bands. Scutellum 
yellow with base black. Elytra yellow except for wide black longi- 
tudinal bands on clavus and a wider one down middle of corium. Abdo- 
men with fourth and fifth segments black except for six small dorsal 
spots and margins which are yellow, sixth segment mostly yellow 
except laterally, seventh and eighth segments mostly black except 
laterally, ninth segment about equally yellow and black. Face black 
above to base of eyes, yellow below except for black spot on apex of 
clypeus. Thorax and abdomen below mostly black but variously 
marked with yellow. Legs mostly yellow except for black coxe and 
femora of first and second pair. 

Nyvmphs—Nymphs of this species are brown and yellow, with 
black spots on anterior margin of vertex distinct, pronotum and elytra 
chiefly yellow, abdomen mostly brown except for sixth segment, the 
lateral parts of the seventh and the median dorsal area of the ninth 
which are yellow; six rows of seta-bearing tubercles very distinct. 
Face brown above, yellow-white below. Underside dark brown marked 
with yellowish-white. 

ITosts —Prof. R. H. Beamer and the writer have taken this 
species in large numbers on a pure culture of the Composite 
Guitierrezia euthamie (Nutt.) Torr. This weed grows on 
exceedingly barren hill tops where it often constitutes about 
the only plant growth and, therefore, one can be very sure that 
it is the host of this species. 

Distribution.—Hitherto known only from Colorado where 
the type specimens were taken. The writer has before him 
specimens from the following additional localities: Carlsbad, 
New Mexico, Chaves and Socoro counties, New Mexico, 
Coconino and Yavapai counties, Arizona; Potter County, 
Texas and Phillips and Smith counties, Kansas. In all these 
localities the specimens were taken by Prof. R. H. Beamer. 

Notes.—The above color description fits only specimens 
which are colored typically. A large series of specimens shows 
a wide range of coloration from the teneral forms which are 
practically pale yellow all over, through all stages of a gradual 
darkening till the specimen is practically black with just 
suggestions of the yellow stripes on the elytra. A study of 





456 Annals Entomological Society of America [Vol. XXI, 


the type specimens shows a similar range. It would be easy to 
describe several color varieties of this species except for the 
fact that the above range of coloration occurs commonly 
among the members of any considerable series taken at the 
same time and place, indicating clearly that the above-men- 
tioned color phases represent merely successive stages in the 
typical coloring-up of the insect. 


Driotura vittata var. nigra var. n 
Pl. XXVIII, Fig. 9. 


Form and size of the above. 

Color.—Shining black all over except sometimes for following light 
marks: A thin line between ocelli and one extending cephalad from 
each ocellus, two spots at apex of vertex, a few spots on sixth abdominal 
segment and on sides of seventh and eighth abdominal segments, a line 
across face just above clypeus; tibia and tarsi mostly brownish. 


Distribution.—St. Johns, Ariz., Yavapai, Coconino, Navajo 
and Apache counties, Ariz.; Ft. Collins, Colorado Springs, 
Garden of the Gods, Colorado; Ft. Wingate and Socoro County, 
New Mexico. Most of the specimens were taken by Prof. 
R. H. Beamer. 

Notes.—Teneral specimens vary from uniformly pale brown 
through all stages of coloration to the form described above. 
However, in no case do stripes occur on the elytra as is always 
the case in the form described by Dr. Ball. Here again it 
would be very easy to discribe several color varieties from such 
teneral specimens, but a series of some forty teneral specimens 
shows them to belong clearly to this one variety. No mac- 
ropterous specimens of the variety are yet known. 

Holotype-—Female, Coconino County, Ariz., R. H. Beamer. 

Allotype.—Male, Coconino County, Ariz., R. H. Beamer. 

Above types and many paratypes deposited in the Snow 
Entomological Collection, University of Kansas. 


The Genus Unoka Gen. n. 
(Homoptera, Cicadellidae. ) 


While studying the genus Driotura‘the writer was struck 
by the great similarity of structure between the several species 
except for the species called Driotura ornata (Gillette). This 
species originally described as an Athysanus, was referred to 
the genus Driotura by Osborn & Ball. Examination shows, 
however, that it differs from this genus in the very different 
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shape of the head, the decidedly different genitalia both external 
and internal, and in the striking differences in the wings. 

In Unoka the vertex is distinctly longer than in Driotura 
and is more broadly rounded with the front. The external 
genitalia are much more of the Deltocephalus or Euscelis type. 
In the male the long, pointed plates are quite different from 
the short plates characteristic of Driotura and are margined 
with strong setz which are wholly lacking in the latter. More- 
over the pygofer lacks the terminal hook always found in 
Driotura and bears setz which are several times as long as are 
found in that genus. The internal male genitalia show claspers 
quite similar to those of Euscelis being totally different from 
those so characteristic of Driotura. 

Striking differences between Unoka and Driotura are seen in 
the wings. In both genera macropterous forms occur, though 
they are seemingly much more common in the former for out 
of thirty specimens at hand, three are long-winged. It is in 
the brachypterous forms, however, where the chief difference 
occurs. In Unoka both pairs of wings are shortened by simply 
cutting off the tips of both the fore and hind wings near the 
base of the apical cells, leaving the anteapical cells intact. 
In Driotura a very different condition exists. Here the fore 
wings are shortened by the cutting off of the entire apical half 
of the wing so that the anteapical as well as the apical cells are 
lacking. The hind wing of the brachypterous form is repre- 
sented by a mere scale-like vestige which is apparently entirely 
veinless—a very different structure from the nearly normal 
hind wing found in the brachypterous form of Unoka. There 
are in addition striking differences between the two genera in 
the venation of the wings. 


Description of the Genus. 


Vertex slightly wider than long, its sloping dise very broadly rounded 
with the slightly convex front, ocelli close to eyes. Face slightly wider 
than long, lore and gene wide, clypeus parallel-margined. Pronotum 
slightly longer than vertex, two and one-half times as wide as long, 
anterior margin strongly convex, posterior margin nearly straight, 
humeral margins long, lateral margins very short. Scutellum small. 
Elytra in brachypterous form extending to pygofer, in macropterous 
form well beyond tip of abdomen, three anteapical cells distinct; hind 
wing in brachypterous form lacking tips of apical cells, hind wing 
of macropterous form normal. 


Type of genus Driotura ornata (Gillette). 
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Unoka ornata (Gillette). 
Pl]. XXVIII, Figs. 3, 3a; Pl. XXIX, Figs. 1, la—le; Pl. XXX, Figs. 1, la—Ic. 
Athysanus ornatus Gillette, Colo. St. Agr. Col., Bul. 43, p. 29, 1898. 
Driotura ornata Osborn & Ball, Ohio Nat., II, p. 256, 1902. 

A strikingly banded, black and white species. Length, female 
2.5-3 mm.; male 2-2.5 mm. 

Form.—Vertex varying somewhat being distinctly more pointed in 
some specimens than in others of the same sex, distinctly wider than 
long, very broadly rounded with front. Pronotum slightly longer than 
vertex, two and one-half times as wide as long, smooth. Scutellum 
small. Elytra reaching pygofer in short-winged form and extending 
well beyond abdomen in macropterous specimens. 

External Genitalia.—Last ventral segment of female about twice as 
long as preceding, posterior margin broadly emarginate and bearing 
two small, rounded, median teeth; pygofer stout, bearing stout setz 
apically, slightly exceeded by ovipositor. Male valve long, broadly 
angular; plates long, triangular, exceeding pygofer, apices fairly acute, 
slightly sinuate lateral margins bordered with a row of stout setx; 
pygofer broadly rounded apically and bearing many very long and stout 
sete. 

Internal Male Genitalia.—Claspers triangular, tapering to a short 
lateral tooth and a longer mesal tooth apically. Connective V-shaped, 
the arms long, slender and close together. Oedagus, viewed laterally, 
with two dorsal processes near base and a dorsal recurved process near 
apex: viewed dorsally, second basal process and apical bifid process 
nearly cover the organ. 

Color.—Vertex black; pronotum black on anterior third, yellow on 
posterior two-thirds; scutellum black basally, yellow apically; elytra 
milky-white with narrow black basal band, a wider black band which 
widens strongly laterally across middle of elytra and a black band which 
covers the tips in brachypterous forms and is followed by another 
white band in macropterous specimens. Tip of abdomen black. Face 
brownish to black, front showing about eight pairs of light arcs. Under- 
side variously marked, varying from yellowish, through brown to 
black, the tip of the abdomen usually black and the legs mostly brownish. 

Nymphs.—Dr. Osborn has taken, along with adults, what are 
undoubtedly nymphs of this species at Delphos, Kansas. These 
nymphs are brown with yellow bands across the wing pads, the fifth 
and sixth abdominal segments and the eighth and base of the ninth 
segments. Abdomen bearing four longitudinal rows of light, bristle- 
bearing tubercles. Underside chiefly brown, marked with vellow and 


black. 


Hosts.—Seemingly a species feeding on the short grasses 
of the prairie. 

Distritution.—Hitherto recorded only from the type locality, 
Ft. Collins, Colorado. The writer has before him specimens 
from this locality and Lamar, Colo., taken by Dr. Ball, and 
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additional specimens from Cambridge and Indianola, Neb.; 
Delphos, Kansas, taken by Dr. Osborn, and Phillips and 
Scott counties, Kansas, taken by R. H. Beamer; Valencia, 
Chaves and Taos counties, New Mexico, by R. H. Beamer; 
St. Johns and Apache County, Ariz., by R. H. Beamer. 


EXPLANATION OF PLATES. 


PLATE XXVIII. 


Dorsal Views of Driotura and Unoka. 


PLATE XXIX. 


Genitalia of Driotura and Unoka. 


1, 2, 3, 4Female genitalia. 
la—4a—Male genitalia. 
lb—4b—Male plates flattened out. 
lc—4c—Pygofer of male. 
1d—Internal male genitalia. 

2d, 3d—Male claspers. 

4d—Male claspers and connective. 
2e—4e—Oedagus. 


PLATE XXX. 


1. Fore wing U. ornata (Macropterous form). 
1A. Hind wing U. ornata (Macropterous form). 
1B. Fore wing U. ornata (Brachypterous form). 
1C. Hind wing U. ornata (Brachypterous form). 
2. Fore wing D. vitiata (Macropterous form). 
2A. Hind wing D. vittata (Macropterous form). 
2B. Fore wing D. vittaia (Brachypterous form). 
2C. Hind wing D. vittata (Brachypterous form). 
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PHYLOGENETIC SIGNIFICANCE OF THE FRENULUM 
RETINACULA IN THE GELECHIOIDEA 
(MICROLEPIDOPTERA). 


ANNETTE F. BRAUN, 
Cincinnati, Ohio. 


In an earlier paper (Braun, 1924) the writer described for 
the family Gelechiide, a specialized type of retinaculum for 
the frenulum spines in the female, and pointed out that this 
specialized retinaculum, termed a subradial retinaculum, is 
apparently a recognition character for the family. The sub- 
radial retinaculum is present in its specialized form consisting 
of a row of strongly chitinized curved scales or spines, and as 
the only retinaculum for the frenulum spines of the female in 
the Gelechiide alone. In the Blastobaside, the transitional 
steps in the replacement of a subdorsal retinaculum by a 
subradial retinaculum have been preserved and here subdorsal 
and subradial retinacula function together in the female. 
Excepting only the isolated genus Jdioglossa, in which in the 
female, a specialized subradial retinaculum functions in con- 
junction with a comparatively specialized subcostal retinac- 
ulum of a character similar to that which appears to be develop- 
ing, but is not functional in Gelechiide, the subradial retinac- 
ulum has been found only in Gelechiide and Blastobasidz. 

Further study of the retinacula in the Gelechiide and 
allied families has involved some very interesting theoretical 
considerations, which are here presented. These observations 
give unusual and unexpected support for expressed views of the 
origin of the Gelechiide and its internal evolution, and at the 
same time effectively dispose of the possibility of the derivation 
of the Cosmopterygide from the Gelechiide, and the possi- 
bility, sometimes suggested, that certain Cosmopterygid genera 
may be reduced Gelechiids. 

Some families in this complex yield no facts pertinent to 
the discussion; the Blastobaside are a homogeneous group, 
with distinct wing-coupling characters, but also distinguished 
by other clear-cut characters and of obvious origin from the 
Oecophoride; the Xyloryctide show no specializations in the 
wing-coupling; no members of the Diplosaride have been 
examined. 
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(CECOPHORIDAE 


In connection with this family it is necessary merely briefly 
to review the general character of the retinacula. In the male 
a frenulum-hook of the usual type is present and functional; 
in both sexes, a subdorsal retinaculum is also present, but 
functional in the female alone. The latter is never highly 
specialized in character. In Cryptolechia, which Meyrick 
(1922) regards as one of the earliest forms of the family, and 
from which the most primitive forms of the Gelechiide differ 
but little, the subdorsal retinaculum is of an unspecialized 
character, consisting merely of a group of rather broad and 
closely set scales in the usual position between Cu, and Cuz 
(Cu and Ist A of Comstock). 

Larger and often relatively elongate scales are rather 
general in the basal area of the underside of the wing in Lepi- 
doptera. Any specialization must develop from some previous- 
ly existing structure, so that it is only when grouping of scales 
into tufts or their modification for the wing-coupling function 
begins that they have any significance for the present discussion. 
Unmodified scales, often longer than those of the general wing 
covering are always present in the position of the subradial 
retinaculum, pointing toward costa and overlapping radius. 
Mention is made of such scales at this point in the discussion, 
because linear scales are commonly present in this position in 
many Oecophoride, but are entirely unmodified and lie beyond 
the end of the frenulum spines and therefore could not aid in 
wing-coupling. 

GELECHIID 


Examination of a greater number of Gelechiid genera, 
representing most of the nine groups into which Meyrick 
(1925) divides the family, has revealed the fact that in the 
members of Group 9 examined (Glyphidocera and Sceptea) the 
characteristic Gelechiid type of wing-coupling in the female is 
lacking. This is of particular interest because this group is 
regarded by Meyrick as the most primitive of the family; one 
of its genera, Protobathra, ‘‘is assumed to approach closely the 
primitive type of the family, being such that all the preceding 
(higher) genera can be with probability derived from it, and 
differing so little in all respects from Cryptolechia in the Oeco- 
phoride, that it may naturally indicate the connection with one 
of the earliest forms of that family.’”’ (Meyrick, 1925). 
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In Glyphidocera dimorphella, female, there is no subradial 
retinaculum; in its place there is a functional subdorsal retinac- 
ulum, not highly specialized and similar to that occurring in 
many genera of the Oecophoride, and much like that of Crypto- 
lechia. In males of some species of Glyphidocera, a typical 
subdorsal retinaculum is present, with a tuft of scales, more 
elongate than those of G. dimorphella. 

In Sceptea aberatella, female, the subdorsal retinaculum 
consists of a group of linear, almost bristle-like scales on Cu. 
Beyond them and almost continuous with them, but lying just 
dorsad of radius, is a row of scales, some linear and approaching 
the usual type of scales making up the subradial retinaculum, 
others scarcely to be differentiated from the usual scale covering. 

There is thus in the two genera of Group 9 which were 
available for examination, a considerable degree of variation in 
the female retinaculum; the direction of this variation fore- 
casts the development of the specialized retinaculum character- 
istic of the family. 

In all other groups of the family examined (no members of 
Group 5 were available for examination) the subradial retinac- 
ulum is present in specialized form. It may differ in number of 
the scales composing the series, in their shape and curvature 
and in the degree of approach to spines, but is always essentially 
of the same general character. 

ITelice is of special interest, because the female of only 
one species (pallidochrella) retains the characteristic Gelechiid 
shape of hind wing. The male of pallidochrella and both 
sexes of the other two species now included in this genus, have 
lanceolate hind wings, a character responsible for their former 
inclusion under a different generic name in the Cosmopterygide 
(Braun, 1919). The presence of the characteristic Gelechiid 
type of wing-coupling in the female of H7. constrictella as well as 
in JJ. pallidochrella is conclusive evidence of its position in the 
Gelechiide, apart from other characters of venation and wing 
shape, which are characteristically Gelechiid rather than 
Cosmopterygid. On the other hand, Heinrich (1920) treating 
Theisoa (= Helice) constrictella as a Cosmopterygid, states that 
the general structural characters of the larva show very close 
relationship to Chrysopeleia of the Cosmopterygide, but points 
out certain differences between the two. Similarities are to be 
expected between members of groups so closely related in 
origin as the Gelechiide and Cosmopterygide; many of the 








466 Annals Entomological Society of America |Vol. XXI, 


characters in which the larve of the two genera differ are such 
as point to the Gelechiid character of /Telice constrictella. 

It is a matter of some interest to note that in the male of 
H. constrictella there is also a subradial retinaculum similar to 
that of the female, but less specialized. Whether this is 
functional and indicates a tendency in the male to replace the 
usual functional frenulum-hook by a subradial retinaculum of 
the character of that of the female, it is not possible to say. 

From the preceding discussion it would seem that in the 
manner of wing-coupling in the female, the Gelechiide is a 
remarkably uniform group, exhibiting only in the most primitive 
forms a less specialized type of wing-coupling, indicating a 
close connection with the most primitive forms of the Oeco- 
phoride. Unfortunately this character fails in one member of 
a specialized group of the family, if we accept the position 
assigned to the genus [dioptila Meyrick (1927) by its author. 
In this genus there is no indication in the female of any differ- 
entiation of scales which could be interpreted as a true sub- 
radial retinaculum; the three frenulum spines are short and 
would scarcely reach a subradial retinaculum if such were 
present in its usual position; there is but very slight differ- 
entiation of scales in the position of the subdorsal retinaculum. 
The male has the usual subcostal frenulum-hook, but no sub- 
dorsal retinaculum; thus agreeing with the Gelechiid type in 
wing-coupling. The general aspect of Jdioptila agyrtodes Mey- 
rick is unquestionably Gelechiid and the close similarity in 
most points of structure to Leuce, an undoubted Gelechiid, 
is very curious. The absence of sinuation in the hind wing 
is aberrant for the group in which it is placed (Group 2) although 
the sinuation is not strongly marked in some of the narrow- 
winged genera of that group. In Jdioptila the distal extremity 
of Cu, (1st A of Comstock) is preserved as a true tubular vein. 
This is distinctly not a Gelechiid character and one we would 
certainly not expect to find in a specialized Gelechiid; it is found 
in the Gelechiide only in some species of Symmoca (according 
to Forbes, 1923) and may possibly occur in other genera of that 
group in which also the lack of sinuation of the hind wing is 
normal. But with members of this group Jdioptila does not 
agree in other characters. The preservation of the distal 
extremity of Cuz (1st A of Comstock) is an almost universally 
present character in the Oecophoride. There is no single 
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character which can be used to separate the Gelechiide from 
the Oecophoridz, the one which at first seemed conclusive 
the wing-coupling mechanism of the female—fails in those 
genera which approach the ancestral form. Thus Jdioptila 
still remains an enigma, unless we regard it as another instance 
of the ‘‘close interconnection between the basic forms of both 
families, which are divergent branches from a common stock’”’ 
(Meyrick, 1922). Its specialized characters would however 
seem to preclude such a possibility. 





COSMOPTERYGID. 


In the Cosmopterygidz, the more primitive forms, such as 
Limnoecia, exhibit the type of wing-coupling most common in 
the Lepidoptera—single-spined frenulum and frenulum-hook 
in male, several frenulum spines and subdorsal retinaculum in 
female—thus essentially agreeing with that of the Oecophoride 
and the ancestral Yponomeutid stock of the entire Gelechioid 
group. The tendency in this family is to replace the subdorsal 
retinaculum of the female by a subcostal retinaculum. The 
steps in the process consist in a lengthening of two of the 
frenulum spines and the development of a subcostal retinaculum 
into which these two spines catch, the third weaker spine alone 
catching the subdorsal retinaculum, followed in the higher 
forms by the loss of the third spine together with complete 
loss of the subdorsal retinaculum or its preservation in vestigial 
condition. There is some variation in the order of the steps 
by which the final condition is obtained, sometimes the third 
frenulum spine is lost while the two longer spines still catch in 
the subdorsal retinaculum. 

However whatever the order of the steps by which the final 
result is reached, it is evident that the process in Cosmoptery- 
gide is divergent from that which has taken place in the 
Gelechiidz. The two final specializations—a row of curved 
chitinous hooks on subcosta and pointing toward dorsum in 
Cosmopterygide; a row of such hooks within the cell just 
dorsad of radius and pointing toward costa in Gelechiide— 
can neither be derived from the other. 

This character is so clear-cut and decisive and its evolution 
capable of such complete demonstration, that it can be accepted 
as proof that these two families are derived independently 
from the ancestral stock. Hence the Cosmopterygide can not 
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have been derived from the Gelechiide, nor can any genus 
with the empirical characters of the Cosmopterygide be regarded 
as a ‘‘reduced Gelechiid’’ unless it shows the characteristic 
Gelechiid wing-coupling. This applies to such genera as 
Chrysopeleia and its ally Cystioecetes, Ithome etc., for which 
such a possibility has been suggested. These are all typical 
Cosmopterygids in their wing-coupling. 

The transition from certain forms of the Oecophoridz to 
the primitive Cosmopterygide is very easy and the differences 
between them very slight; Macrobathra of the Oecophoride 
differs from Limnoecia of the Cosmopterygide only in the 
venation of the hind wing (Meyrick, 1922). Limnoecia in 
wing-coupling can not be distinguished from many Oecophor- 
ide. Thus again the wing-coupling characters bear out the 
conclusions reached independently on other grounds. 


CONCLUSIONS. 

The outstanding fact brought out in the preceding pages 
is that in a group of closely related families, we have a remark- 
able example of the value of a single character—always making 
the reservation that such characters must be used with discre- 
tion and with due regard to the weight of other evidence—in 
determining the origin and relationships of its component 
members. The origin and specialization of the wing-coupling 
characters and the different trend of their evolution in allied 
families can be traced. The conclusions reached from the 
study of these characters agree with the weight of evidence 
for phylogeny of these families derived from other sources. 
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DIGESTIVE ENZYMES OF THE ORIENTAL 
FRUIT MOTH.* 


H.S. SWINGLE, 
Assistant Entomologist, U. S. Bureau of Entomology. 


The recently introduced oriental fruit moth has spread 
rapidly throughout peach sections in the eastern half of the 
United States. It has become an insect of considerable 
economic importance and intensive studies upon it have been 
carried on by state agricultural experiment stations and the 
U.S. Bureau of Entomology (2). 

As is usually the case, intensive studies apparently do not 
include work of a physiological nature, nothing yet having 
been published along this line. 

This paper is presented as a contribution to our knowledge 
of the physiology of this insect, the work having been done at 
intervals from 1925-1927. 

Gross ANATOMY OF DIGESTIVE TRACT. 

Larva: Fore gut narrow, enlarging slightly at esophageal valve; mid-gut 
somewhat wider anteriorly, narrowing towards hind gut; hind gut narrow, enlarging 
at rectum. There are no gastric coeca. In last instar larve, the average lengths 
of various divisions are: fore gut, 2 mm.; mid-gut, 8 mm.; hind gut, 3 mm. 

Adult: Digestive tract narrow, straight; with fore gut enlarging on one side 
to form spherical sack just above esophageal valve. Average lengths of various 
divisions are: Fore gut, | mm.; mid-gut, 1.5-2.0 mm.; and hind gut, 1 mm. There 
are no gastric coeca. 

The above divisions were checked by microscopical exami- 
nation of whole mounts and by the following chemical method 
which depends upon the presence of a chitinous lining in the 
fore and hind guts. 

Chitin Test (4). 

Place the entire digestive tract upon a slide. Cover with 50 percent 
KOH and heat gently. The mid gut will be dissolved away, leaving the 
chitin of the fore and hind guts entire. Wash with distilled water and 
add a drop of I,-KI solution (0.5 percent I; in 1.5 percent KI solution). 
The chitin will be colored reddish violet. Wash, mount in glycerine 
and observe immediately. 


This test is of value where the divisions of the tract are 
not distinct, and as a check upon the results of microscopical 
examination. 

* Lepidoptera, Laspeyresia molesta (Busck). 

+ Numbers in parentheses refer to Bibliography. 
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HYDROGEN-ION CONCENTRATION OF DIGESTIVE TRACT 
OF LARVE. 


Method.—Draw out a good grade of glass tubing into a 
capillary tube with approximately a 0.3 mm. bore. Break 
into one-half inch lengths. 

Dissect insect, baring digestive tract. Wipe dry with filter 
paper and prick wall at this point with capillary tube. The 
liquid contents of the gut will immediately rise up into the tube. 

Dip end of this filled tube into a drop of H-ion indicator 
(Brom Thymol Blue) on a slide. Allow color to rise approxi- 
mately one-eighth inch within the tube. Remove from indicator 
and compare the color at the dilute end under a miscrocope 
with standards made in the same way from solutions of known 
pH. 

This method is accurate to 0.1 pH where tubing of the 
same bore is used for unknown and standards. It has the 
following advantages: 


1. It is simple and reasonably accurate. 

2. Very small quantities of liquid are required for a test. 

3. Error due to original color of fluid is reduced to a minimum by the small 
depth of liquid observed. 

4. Contamination by air and other agencies is reduced to a minimum. 


Results.—The acidity of the fore gut contents varies from 


pH = 6.8 — 7.2, depending upon the acidity of the food eaten 
and upon the length of time it has been in the fore gut. It 
approaches pH = 7.2 as a constant. 


The mid gut contents have a practically unvarying acidity 
of pH = 7.2 — 7.3. 


The hind gut contents vary from pH = 7.2 in the anterior 
portion to pH = 68 7.4 posteriorally, the latter figures 


being derived from tests upon water extracts. The average was 
pH = 7.2. 
DIGESTIVE ENZYMES. 

General Procedure.—Larve and adults are chloroformed and 
immediately dissected under distilled water. The digestive 
tracts are removed, split open, and the contents thoroughly 
washed out with distilled water and a camel’s-hair brush. 
Each is then separated into fore, mid, and hind guts, ground 
with glycerine in a mortar, and stored in vials. These tissue 
suspensions are then ready to be tested and will keep in this 
form for three months or longer. 








- 
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Tests were carried on at room temperature in small micro 
tubes 14 inch by 14 inches (shell vials or glass tubing sealed 
at one end). Boiled tissue suspensions were used as checks 
on each test. Toluene was used throughout as a preservative. 
Unless otherwise noted, the solutions were adjusted to pH = 7.2 
before incubation to simulate conditions in the digestive tract. 

Analytical Methods.—The methods of enzyme analysis used 
were the microchemical methods developed for use upon ‘the 
cockroach (B. orientalis) and reported in a previous paper (3). 

As these microchemical tests are not well known nor perhaps 
generally available to entomologists, they are given here with 
additions and modifications increasing their sensitivity. 

The following methods were found to be quite accurate 
and to require only small quantities of material for the complete 
anaylsis. 

Amylase. 

In the presence of this enzyme, starch is hydrolyzed, forming 
maltose. 

Incubate a dilute starch solution with the tissue suspension and 
toluene for 24 to 96 hours. Test for the absence of starch by the 
iodine test and for the presence of reducing sugars by the Flickiger test. 

Starch Iodine Test (3):—Place dilute starch solution in micro tubes, 
add several drops of I,-KI solution (0.5 percent I, in 1.5 percent KI 
solution), and incubate with the tissue suspension. When starch is 
digested, the solution will be colorless. To the colorless tubes, add 
several drops of I.-KI solution. If no blue color develops, digestion is 
complete. This check must be made since it will often be found that 
the loss of color is due to the absorption of the iodine by the tissue 
suspension and not due to digestion of the starch. In such cases, a 
blue color will again develop upon addition of I:-KI and incubation 
must be continued. 

Fliickiger Test for Reducing Sugars (4, 3):—Mix a drop of 20 percent 
NaOH with an equal quantity of powdered copper tartrate upon a 
slide until the copper is dissolved. Add a drop of the incubated starch 
solution and heat gently. A red precipitate of copper indicates the 
presence of reducing sugars. 

Maltase. 

In the presence of this enzyme maltose is hydrolyzed, forming 
glucose. 

Incubate a 15 percent maltose solution with the tissue suspension and 
toluene. After 48 hours or more, test a drop for the presence of glucose 
by the osazone test. 

Osazone Test (4, 3):—Phenylhydrazine-HCl: Grind 1 g. pheny]l- 
hydrazine-HCl with 10 cc glycerine in a mortar till dissolved. Filter 
through cotton into dropping bottle. 

Sodium acetate: Dissolve 1 g. sodium acetate in 10 ce glycerine. 
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Mix one drop of phenylhydrazine-HCl with one drop of sodium 
acetate upon a slide. Add a drop of the solution to be tested and 
a cover glass. Heat slide upon water bath or in an oven at 100° C for 
15 minutes. Glucose osazones will appear within an hour upon cooling. 
Maltose osazones appear 3 to 4 days later. 

The osazone crystals thus formed are microscopic, appearing as 
typical bright yellow crystalline bodies under low or high power, their 
size being somewhat dependent upon the amount of sugar present. 


Invertase. 

In the presence of this enzyme, sucrose is hydrolyzed, forming 
fructose and glucose. 

Incubate a 15 to 20 percent sucrose solution with the tissue suspension 
and toluene. After 48 hours or more, test a drop for the presence of 
fructose and glucose by the osazone test and for reducing sugars by the 
Fluckiger test. 


Osazone Test. 

This test is given above. Heat 15 minutes at 100° C. Fructose 
osazones appear immediately. Glucose osazones appear within an 
hour upon cooling. 


Fliickiger Test. 


This test is given above. Fructose reduces the copper instantly 
in the cold. Glucose reduces it upon warming. 


Lactase. 

In the presence of this enzyme, lactose is hydrolyzed, forming 
glucose and galactose. 

Incubate a 15 percent lactose solution with the tissue suspension and 
toluene for 96 hours. Then test a drop for presence of glucose by the 
osazone reaction. 

I ipase. 

In the presence of this enzyme, fats are hydrolyzed, forming fatty 
acids and glycerol. 

B. T. B. Emulsion Test (3). 

Grind 4 parts olive oil and 2 parts acacia to a paste in a mortar. 
Add 3 parts water and triturate till a smooth emulsion is secured. 
Add several drops Brom Thymol Blue to the emulsion and just sufficient 
2 percent NaOH to give it a blue color (pH = 7.2). Ina like manner 
adjust the tissue suspension to the same acidity and add to the emulsion 
in a micro tube. Add toluene as a preservative and incubate 24-96 
hours. As digestion proceeds, the freed fatty acids cause the color to 
change from blue to greenish-yellow or yellow. 


Pepsin. 
In the presence of this enzyme, complex proteins are broken down 
into peptones. It is active only in a strongly acid solution. 
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Colored Fibrin Method (3). 


Stain fibrin with 1 percent Amaranth and remove the surplus 
stain by washing with water whose acidity has been adjusted to pH = 2.0 
with HCl. This gives a red fibrin whose color is fast in an acid solution. 

Place a small piece of the colored fibrin in a micro tube. Add the 
tissue suspension whose acidity has been adjusted to pH = 2.0 with 
HCl. Cover with toluene and incubate for 24-96 hours. Digestion is 
then indicated by the passage of the red color into solution and by the 
gradual dissolution of the piece of fibrin. 


Trypsin. 
In the presence of this enzyme, complex proteins are broken down 
into water-soluble derived proteins. It is active in a slightly acid, 
neutral, or alkaline medium. 


Colored Fibrin Method. 


Stain fibrin in a 1 percent Ruthenium Red solution and remove 
surplus stain by washing with water whose acidity has been adjusted 
to pH = 7.6 with sodium carbonate. This gives a purplish-black 
fibrin whose color is fast in an alkaline solution, and was found to be 
much more satisfactory in this respect than the Anilin Blue stain 
formerly used (3). 

Place a small piece of the colored fibrin in a micro tube, add the 
tissue suspension (whose acidity has been adjusted to pH = 7.6 with 
sodium carbonate) and cover with toluene. Incubate 24-96 hours. 
Digestion is indicated by the gradual dissolution of the fibrin, accom- 
panied by the passage of a purplish-red color into solution. 


Erepsin. 
In the presence of this enzyme, peptones are broken down into 
amino acids. 
The method here used depends upon the fact that formaldehyde 
destroys the basic character of amino acids, thus causing a greater 
ionization into H-ions. 


Modified Sérensen Method (3). 

Sotution A:—Add several drops Brom Thymol Blue to a 4 percent 
peptone solution and then sufficient 10 percent KOH to give a blue 
color (pH = 7.6). 

Sotution B:—Add several drops of Brom Thymol Blue to 40 
percent Formaldehyde, and then sufficient 10 percent KOH to give it 
a blue color. Add additional 2 percent KOH a drop at a time till when 
| ce of this solution is mixed with 2 ce of solution A. the color remains 
blue. 

To solution A in micro tubes, add the enzyme solution and toluene. 
Incubate 48-96 hours. Then add a volume of solution B equal to one- 
half the volume of A in the micro tubes. Digestion by erepsin with 
the liberation of amino acids is indicated by the formation of a greenish- 
yellow to yellow color upon the addition of solution B. 
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Cellulase. 

In the presence of this enzyme, cellulose is broken down into simpler 
compounds, among them being reducing substances. 

Place small pieces of filter paper pulp in micro tubes, add enzyme 
solution and toluene (1). Incubate 1-2 weeks. Examine solution for 
reducing substances by Fliickiger test. Examine paper pulp for 
solubility, and typical cellulose reactions. 


RESULTS AND DISCUSSION. 

Larva.—Invertase, lipase, trypsin, and erepsin were found 
in the mid-gut tissue suspension. Invertase and trypsin were 
especially active. 

No digestive enzymes were found in the tissues of the fore 
or hind guts, nor in the salivary glands. 

Pepsin was absent as would be expected from the alkaline 
conditions of the digestive tract. 

Cellulase, lactase, maltase, and amylase could not be found. 
If there at all, they are present in such small quantities as to 
be of little importance. 

Tests upon the contents of the digestive tract showed the 
presence of invertase, lipase, trypsin, and erepsin, thus indicating 
that the enzymes found in the mid-gut tissues were secreted 
into the canal. 

Adult.—Only one enzyme, invertase, could be found in the 
digestive tract of the moth. This is secreted by the cells of 
the mid gut, and is quite active. It is possible that other 
digestive enzymes may be present, but at concentrations of 
tissue which gave very strong tests for invertase, none of the 
other-enzymes tested for could be found. 

The presence of invertase suggests that moths confined in 
the insectary for life history studies should be fed upon a 
solution of sucrose (cane sugar). To test the value of such 
feeding, cages each containing five males and five females were 
made up, fed as indicated in the following table, and records 
taken daily upon mortality and number of eggs laid. The 
experiment was repeated twice, the average results being given 
in Table 1. 

From these fesults it would appear that the average moth 
of this species is not benefitted by its ability to digest sucrose, 
it apparently having sufficient reserve food stored within its 
body to carry it through adult life. Possibly invertase is of 
some value to adults which had received insufficient food during 
the larval stage, but no tests along this line were conducted. 
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Apparently, however, water is necessary for maximum egg- 
laying. This was noted also from time to time during the 
course of life-history studies, being much more pronounced 
during periods of low humidity and high temperature. It is 
suggested that this is probably one of the important factors 
causing the practical disappearance of this insect in Georgia 
peach orchards during very dry spells. Within a week after 
rains following such dry periods, larval injury again becomes 
apparent. 


TABLE 1. FEEDING EXPERIMENTS. 


Fed Upon | Average No. Eggs | Average Length 
| Per 9 of Life 


| 
| 








10 percent cane sugar 








solution 69 9.8 days 

Water only 65 10.2 days 

Neither food nor water 2.6 7.5 days 
SUMMARY. 


1. The digestive enzymes of both larva and adult are 
secreted by the cells of the mid gut. 

2. Invertase, lipase, trypsin, and erepsin were found in 
the digestive tract of the larva. 

3. Digestion in the larva takes place under slightly alkaline 
conditions. 

4. Invertase was the only enzyme found in the adult. 
5. The ability to digest sucrose is apparently of no benefit 
to the average moth. 

6. Normal egg-laying was not secured under insectary 
conditions unless water was available for the mpths. 
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THE PHYSIOLOGY OF INSECTS—METABOLISM.* 


Paut S. WeLcH, 


University of Michigan 


INTRODUCTION. 


In undertaking to discuss, in symposium form, so compre- 
hensive a subject as Insect Metabolism, the speaker is quite 
aware that he faces an ambitious task. The term metabolism 
embraces such a formidable array of fundamental processes, 
such as a complexity of interrelations with other vital phenom- 
ena, that from the point of view of boundaries alone this 
problem takes on symposium magnitude. Additional difficulty 
lies in the fact that insect metabolism, like the whole subject 
of Insect Physiology, does not as yet present a compact field. 
One must try to knit together the numerous contributions of 
comparative physiologists, biochemists, zoologists, entomo- 
logists and perhaps others, scattered widely throughout both 
foreign and domestic literature, if he has hopes of doing justice 
by the field and at the same time making it present some 
semblance of coherence. Possibly in no other phase of insect 
physiology is there such a pressing need for that very necessary 
kind of scientific enterprise which every rapidly growing subject 
must have at intervals, namely, the bringing together into an 
assembled, integrated whole, the mass of material now extant. 
Such a complete taking of stock of results is invaluable not 
only as encouragement to younger investigators but as an 
impetus to research in the whole subject. It is my under- 
standing that an underlying purpose of a symposium is to 
examine into the present status of the selected subject. If 
one looks through a miscellaneous mass of recent research it is 
usually possible to detect movements or centers of interest 
which can be used to indicate in a way the trends of latest 
developments in that particular field. In order to bring my 
paper within the necessary bounds of time, I shall attempt to 
trace a selected group of such movements, explaining in advance 


* Presented before the Entomological Society of America at Nashville, Tenn., 
December 27, 1927, as a part of a symposium on ‘‘The Physiology of Insects.’ 
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that it will not be possible here to give complete or uniform 
treatment to all. 


CIRCULATION RESPIRATION AND NUTRITION. 


As general foci for this discussion I shall select the three 
fundamental features of metabolism, namely, Circulation, 
Respiration, and Nutrition—those three essential processes in 
providing the sources of vital energy. As problems of main- 
tenance these processes are of high order and the effectiveness 
of the insect organization in these particulars is probably not 
surpassed anywhere in the animal kingdom. Biologists have 
long sought clues to the identity of those special qualities and 
potentialities of insects which made them the most successful 
of all animals: The numerous, varied explanations that have 
been proposed can not be enumerated here. One, however, 
bears upon the present topic. David Sharp, the eminent 
English entomologist, (1895, p. 84) presented the following 
view. ‘‘It will probably be asked, how has it come about that 
creatures so insignificant in size and strength have nevertheless 
been so successful in what we call the struggle for existence? 
And it is possible that the answer will be found in the peculiar 
relations that exist in insects between the great functions of 
circulation and respiration; these being of such a nature that 
the nutrition of the organs of the body can be carried on 
rapidly and very efficiently so long as a certain bulk is not 
exceeded.’’ Whether these relations alone can account for 
insect success cannot be answered here, but in the light of 
additional researches Sharp’s statement, made twenty-two 
years ago, has, perhaps, gained weight. Recent results have 
conclusively demonstrated an evén closer interrelation between 
these functions than was formerly thought. For example, the 
older ideas of the independence of respiration and circulation 
are giving way although a text book on comparative physiology 
published during the present year (Rogers, 1927, p 116-117; 242) 
still presents the view of former times. 


CIRCULATION. 

Previous to about 1910 our knowledge of the specific 
functions of the circulatory mechanism left much to be desired. 
Since that time scattered but substantial gains have been made, 
important features of which include the following: 
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Blood Composition. 

Enigmatic in its structure and puzzling in its functional 
relations, insect blood at last begins to unfold some of its 
secrets. Formerly, investigation rather shunned this difficult 
but prolific subject, although it has long been realized that 
upon an understanding of this complex medium and its enclosing 
mechanism depends the solution of an extensive series of related 
and dependent phenomena. 

Recently, interest in blood composition has increased our 
knowledge of blood pigments, especially from the biochemical 
standpoint, although some light on function necessarily resulted. 


Blood Pigments. 


Gerould (1927) has presented an able resumé of blood 
pigments and color production, discussing, among other complex 
features, the role of known blood enzymes in color transform- 
ation. 

However, color production does not conclude the picture 
for blood pigments. Respiratory pigments other than haemo- 
globin are now well known in other invertebrates, some of which 
appear to be likely components of insect blood and bid fair 
to clear up the functions of certain problematical organs. 
The physiological role of these pigments in insects has not been 
wholly established as yet, but such substances as haemocyanin 
and cytochrome are strongly suggested by published data 
(Muttkowski, 1920-1921; Keilin, 1925, and others), although 
some counter evidence has been offered (Bodine, 1925; Bishop, 
1923). The fact remains, however, that there is an increasing 
indication that the blood has something to do with oxygen 
and CO, transportation which cannot be accounted for by mere 
physical solution; also that the amounts of copper and other 
substances present are. not without significance. Knowledge 
of blood functions is likely to be augmented in the near future. 


Reactions. 


Development of methods for measuring hydrogen ion con- 
centration and the wave of interest which extended such tests 
into almost every branch of science have led to examinations 
of blood reactions in insects. If we can depend upon published 
results, insect blood varies in pH reaction in different species. 
The total range of variation for the whole group, as known at 
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present appears to be something like pH 5.9 to 8.0 although 
doubtless these figures have only tentative value. Contra- 
dictory results relating to variations in pH values in the same 
species during different metabolic states appear. Haber (1926) 
holds that ‘‘acidity, alkalinity, and color are species character- 
istics,’’ which, I take it, means a well defined degree of con- 
stancy. Glaser (1925) found in representatives of three different 
orders no correlation between the blood pH and age, nor 
between pH and metamorphosis, and Bodine (1926) reported 
no apparent correlation between blood pH and age or sex in 
grasshoppers. Bishop (1923) claims a correlation between 
blood pH and metamorphosis in bees, and Fink (1925) found a 
definite change cycle (neutral to acid, followed by change in 
reverse order—acid to neutral) during metamorphosis in 
representatives of several orders. He also detected pH change 
during the embryonic development in certain species. Since 
in at least two of the cases just mentioned workers used the 
same species and got very different values, it appears that 
more extended tests are necessary. When one considers the 
features upon which hydrogen-ion concentration depends, the 
complexity of insect blood, and the phenomenal, internal 
changes which take place in insect metamorphosis, it does not 
sound, on a priori grounds, like a medium which is likely to 
maintain pH constancy throughout the life cycle. Without 
doubt, pH measurements are going to give us something of 
value, when they are properly correlated with associated 
phenomena. I would offer here a word of defense. In certain 
ecological circles a reaction against pH measurements has 
appeared which unfortunately is sometimes misunderstood by 
those whose interests lie elsewhere. The reaction is not against 
pH as such but against an overemphasis, namely, the attempts 
of some investigators to make hydrogen-ion concentration an 
omnipotent determining factor in animal distribution, to the 
exclusion of other factors. This is a perfectly just reaction, 
but in no wise necessarily invalidates pH measurements else- 
where. Why discredit a worthy tool because it has met with 
misuse? 


Blood Sugars. 


With respect to blood sugars, about which so little is known 
for insects, it is interesting to note the work of Blumenthal 
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(1927) who, in addition to presenting a micro-blood sugar 
method, suggests on the basis of his results that taxonomically 
related species may have blood sugars quantitatively similar— 
an interesting statement but obviously one which must have 
further validation. 


Histological Elements. 

While morphology has ordinarily gone well in advance 
of physiology, the statement scarcely holds for blood tissue. 
Even yet our knowlege of blood histology is strangely incomplete 
and during the past fifteen years only a scant half dozen papers 
of consequence (Muttkowski, 1924; and others) have dealt with 
this fundamental subject. How can we hope to understand 
functions if the mechanism is in the dark? How far can 
studies of the physical changes of haemolymph go if so many of 
the structural units involved are almost unknown and for the 
time must be described in vague, non-commital terms? 


Functioning of the Enclosing Mechanism. 

With regard to the functions of the enclosing mechanism— 
the circulatory organs proper—interest of recent research has 
centered almost wholly in such phenomena as heart pulsations 
as affected by external agents (Matsuki, 1927), accessory 
hearts and their action (Brocher, 1919; and others), and thermal 
increments for pulsation frequency (Crozier and Stiers, 1927), 
discussion of which can not be included here. 


RESPIRATION. 


One year ago, participating in a similar symposium before 
this society, it was my privilege to discuss, among other things, 
needed lines of investigation in insect respiration, at which 
time I indicated a considerable number of critical points at 
which our knowledge must increase. Nevertheless, the subject 
has had attention and results, even if awaiting confirmation 
and extension, are far from being barren. 


Gas Interchange and Related Phenomena. 

One of the most obvious movements in respiration research 
has been that relating to gas interchange and related phenomena. 
An outstanding contribution is that of Krogh (1920) who 
developed a formula for calculating the diffusion rate of oxygen 
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into a tracheal system for various differences of oxygen tension 
at the inner and outer ends of the system. He was able to show 
that the large trachee are ventilated by mechanical move- 
ments; the tracheoles by diffusion only. In fact, it was only 
shortly before (1915) that this same investigator, for the first 
time, put to experimental test the significance of the tracheal 
system itself demonstrating conclusively what had previously 
been known by inference only. 

The question of CO, transportation and removal has had a 
vigorous struggle for solution and an array of conflicting 
evidence has resulted. Krogh (1913) and others hold that, at 
least in the forms studied, carbon dioxide is not conveyed 
through the trachez; Demoll (1926), finding the tracheal gas 
of Melolontha vulgaris free of COs, concludes that it is not 
eliminated through the trachez in this species, although the 
tracheal air of ten other insects showed 0—7.7% CO.; Budden- 
brock and Rohr (1922), Lee (1925; 1927) and Wrede (1926) 
present evidence that the tracheze are the means of CO, elimi- 
nation. While insects are notorious for their ability to solve 
problems in various ways, it seems a bit doubtful if CO, elimi- 
nation is as devious as above-mentioned results indicate, 
especially in those instances in which the conflicting state- 
ments refer to insects of close taxonomic status and very 
similar habits. 


Differential Respiration Features. 

Curious things, often inconsistent, are coming out of recent 
studies on tracheal ventilation and differential spiracles. 
Passing over the older literature, it is still contended by 
MacKay (1927) and others that spiracles are not differential; 
Lee (1925; 1927) and Wrede (1926) insist to the contrary; 
while Du Buisson (1924; 1926) occupies a somewhat inter- 
mediate position, holding (1) that in some insects (Sten- 
obothrus, Locusta (Orthoptera) and a sawfly (Lophyrus pint) 
inspiration occurs through all of the spiracles; expiration 
through certain thoracic ones; (2) that in another insect 
(ITanneton) inspiration takes place through the abdominal 
spiracles and perhaps by the thoracic ones; expiration only 
through those on the thorax; and (3) that a phasmid (Dixippus 
morosum) and another orthopteran, ‘‘tres primitif,’’ Embia 
soliert, approach a type in which each spiracle, thoracic or 
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abdominal, respires somewhat independently. Du Buisson like- 
wise believes that the last mentioned condition resembles the 
original primitive type; that this primitive type in its simplest 
form occurs in the thysanuran Machilis and the collembolans 
Sminthurus and Actaletes; and that between these types, 
primitive and advanced, intergrades should be found. 


Functions of Air Stores. 


One of the interesting developments of recent years is 
the accumulation of definite experimental evidence as to the 
functions of gas stores or gas bubbles which various insects, 
particularly many of the aquatic ones, carry about with 
them. An amazing variety prevails in the position, form, 
quantity, and constancy of these gas stores. Without 
entering into details it has been demonstrated (Ege, 1915; 
ran der Heyde, 1922; Wrede and Kramer, 1926; and 
many others) that in general these have three well defined 
functions (1) hydrostatic; (2) reserve air for tracheal ventila- 
tion; and (3) an ‘‘artificial gill’’ enabling the otherwise un- 
adapted insect to draw upon the dissolved oxygen of the water, 
the bubble surface acting as a diffusion membrane. This 
last named feature gave new interest to problems of aquatic 
respiration and aquatic adaptation. That all three of these 
functions operate simultaneously in some forms has been 
established. It is doubtful whether any aspect of research on 
insect physiology has brought forth so many clever and ingenious 
methods of experimentation as has this problem of ‘‘air store”’ 
function. Needless to state, the development of micro-gas 
analysis has contributed much to such procedures. 


Other Lines of Progress. 


Other distinct movements, worthy of mention, but which 
can not be discussed here, are: 


(1) Respiration activities during metamorphosis and hiber- 
nation, and 

(2) Effects of anaesthetics, arsenicals, and other external 
influences upon respiratory activity. 
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NUTRITION. 
Transformations of Food Stuffs. 


Studies of the transformations of food stuffs in insects 
made by Petersen, (1912), Sanford (1918), Pavlovsky and 
Zarin (1922), Swingle (1925), Abbott (1926), Phillips (1927) 
and-several others, have yielded substantial contributions, 
and while at some points the results are not in complete 
agreement, the subject as a whole has greatly profited. 
While there remains much to be discovered, we now know 
something definite concerning the various digestive fluids, 
the numerous enzymes, food stuffs acted upon and the 
nature of the changes, functions of regional differentiations 
of the alimentary tract, and other associated phenomena. 
Too often in the past our ideas and impressions as to the nature 
of these digestive activities were influenced by what was then 
known about similar processes in vertebrate physiology, or 
else had come out of experiments the precision of which left 
much to be desired. 

Phillips has quite properly pointed out that ‘‘physiological 
analogies between bees and higher animals are unwarranted as 
are anatomical ones. Even in closely related insects, where 
there are closely homologous structures in the alimentary 
canal, it is unwise to assume the same abilities to absorb and 
assimilate certain materials as food, because of homologous 
structure and apparent physiological homologies. Because of 
the great diversity of foods used, enzymes of all kinds may be 
assumed to exist among insects. In some instances the enzymes 
have been found, but this is no basis for assuming that they will 
also occur in related species.’’ This warning should also be 
kept in mind by those who have occasion to use certain histo- 
cytological work such as that of Shinoda (1927) who claims to 
show on purely morphological grounds that the structure of the 
mid-intestine in insects is ‘‘in general in accordance with their 
systematic position.’’ It may also be an appropriate caution 
in evaluating the work done on the hydrogen ion concentration 
of the digestive fluids. The papers dealing with this subject 
and based upon results obtained by modern methods total 
less than a dozen (Jameson and Atkins, 1921; Crozier, 1924; 
Bodine, 1925-1926; and others). It now seems reasonably 
cetain that each principal region of the alimentary canal has a 
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special pH value which may differ with species; beyond this 
there is considerable disagreement. However, it should be 
noted that the various workers, have in the main dealt not 
only with very different species but also in some cases with 
different stages of the life history. 


Insect Foods and Their Sources. 

With respect to the fundamentals of food requirement there 
seems as yet to be no valid reason for supposing that insects in 
general differ from other animals, that is, in the sense that 
carbohydrates, fats, and proteins are the principal elements of a 
successful diet. Nevertheless, when Loeb (1915) reared Droso- 
phila larve in a solution of cane sugar and salts absorbed in 
filter paper it looked, at the time, as if this insect could thrive 
in the absence of nitrogen compounds such as were then regarded 
as essential. However, Baumberger (1919) reported that such 
was not the case; that these larve thrive only on artificial 
media with ammonium tartrate as the sole source of the 
nitrogen provided the yeasts are present which normally 
inhabit the digestive tract; and that it was the yeasts them- 
selves that supply the nitrogen for the insects. Glaser (1924), 
however, claims to have shown that Drosophila can develop on 
fruit substances without the aid of microorganisms and apart 
from substances resulting from the dead bodies of micro- 
organisms. The whole matter seems to hang in the air and the 
burden of the proof still seems to be on those who contend that 
insects can live on sterile synthetic media. 

Cleveland (1925 a, b) claims to have shown that termites 
live indefinitely upon a diet of pure cellulose, a diet lacking in 
complex nitrogen compounds, and hints at the possibility that 
free atmospheric nitrogen is being fixed. This suggestion seems 
a bit startling and not to be taken too seriously until more defi- 
nite results are available. Since Cleveland also showed that 
termites deprived of their intestinal protozoa lost the ability to 
utilize the wood or the cellulose there still remains the possibility 
(Rogers, 1927, pp. 296-299) that these symbionts, in some way, 
function in* making available the necessary nitrogen. 


Vitamines. 


The vitamine requirements of insects are little known as 
yet. Richardson (1926) summarizes the results of sixteen 
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papers dealing with the relation of vitamines in insect nutrition; 
likewise he presents results of work on the Mediterranean flour 
moth, showing, among other things, evidence that vitamines 
‘‘A”’ and ‘‘B”’ are necessary for the growth of this insect. 
Without question the future will bring additional light, here. 
One naturally has a curiosity concerning the possibility of a 
vitamine corresponding to vitamine ‘‘E’’, formerly vitamine 
‘*X,”’ in the list of requirements for insects. 


Other Nutritional Features. 

It is a matter of regret that I must conclude this discussion 
with but passing mention of the following lines of activity: 
(1) Growth Studies, involving the effects of nutrition on 
morphology and development, by Wodsedalek (1917), Mickel 
(1924), Chapman (1924) and several others, have added much 
to our stock of knowledge. The recent paper by Shelford 
(1927) on certain developmental relations of the codling moth 
deserves special notice here. (2) Effects of nutrition upon 
longevity and reproduction (Glaser, 1923, and _ others). 
(3) The possible utilization of dissolved organic substances in 
the surrounding medium by aquatic and certain internal 
parasitic insects. (4) The relation of the fat bodies and the 
oenocytes to nutrition, a subject which has attracted the 
attention of many investigators during the past fifteen years. 
(5) Nutrition and the internal chemical changes during the 
life cycle, the latest work being that of Rudolfs (1926-1927). 


CONCLUDING REMARKS. 


Insect physiology is preeminently an experimental subject 
as is’ physiological work in general. Recent accomplishment 
in this field is due not only to more careful and critical pro- 
cedures but to the development of instruments of much greater 
precision. Krogh’s micro-gas analysis method together with 
its subsequent modifications, and the remarkable development 
of sensitive indicators, colorimeters, and modified electro- 
metric methods for detecting minute differences in acidity and 
alkalinity are instances in point. One branch of science 
profits directly or indirectly by progress in the others. Advances 
in biochemistry, for example, naturally reflect themselves in 
functional entomology. Physiological developments in other 
groups of animals will, as in the past, yield a helping hand to 
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similar work with insects, and many a new method devised 
elsewhere will find an important place in our activities but it is 
doubly important that the vast size and diversity of the insect 
group be constantly in the foreground whenever insect activities 
are interpreted in the light of findings in other animals. To 
some degree the same is true within the group of insects itself. 
We are constantly uncovering the truth concerning so-called 
facts which were originally borrowed by inference from other 
sources. 

From the point of view of race perpetuity, one problem of 
maintenance, namely, reproduction, is of most direct concern. 
However, sexual maturity in insects appears well along in the 
life cycle, so that other functions vital to the continuance and 
development of the individual are automatically antecedents 
of reproduction. Of these circulation, respiration and nutrition 
are outstanding instances. Metabolism not only builds and 
maintains the soma but it also exercises a vital controlling 
influence over the reproductive act itself. Metabolism can 
then be regarded as foundational to the other problems of 
maintenance. 

Finally, of the three primary functions which I have dis- 
cussed so inadequately it might justly be said that research 
of the last decade has given us a large stock of valuable inform- 
ation which, because of its widely scattered condition, now 
suffers from the lack of careful coordination and integratiori. 
May we hope for the interest and services of experienced 
workers competent to undertake, in the near future, a task of 
that magnitude. 
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A BIBLIOGRAPHY OF BIOGRAPHIES OF ENTO- 
MOLOGISTS, WITH SPECIAL REFERENCE TO 
NORTH AMERICAN WORKERS. 


J. S. Wape, 


U.S. Bureau of Entomology, Washington, D. C. 


INTRODUCTION, 


It is the purpose of this paper, as indicated by its title, to 
present in alphabetical order a list of references to some of the 
more readily available biographical sketches of entomological 
workers, exclusive of those now living. While most of the 
names are those of Americans, yet there are included in the 
compilation a considerable number—several hundred—from 
other countries as well. The greater number of these represent 
instances in which the individual’s work in one way or another 
has been identified with American entomology, as the work is 
intended primarily for use of English speaking people. The 
emphasis which has been placed upon Americans has not been 
a matter of provincialism, nor because of lack of realization 
of the occasional disadvantages of such limitation, but has been 
solely because of lack of space for publication of a really adequate 
presentation of the entire field. 

Most of the references were brought together one by one 
rather slowly over a period of several years as located in the 
various items of source material, and at first were recorded 
solely as a matter of personal interest. There was no thought 
of ultimate publication until their usefulness to students and 
research workers in American entomological history was pointed 
out by Dr. Herbert Osborn, who urged and very generously 
suggested an avenue for publication. The references were 
assembled as a distinctly secondary and supplementary matter 
in connection with other more important reference work 
performed during evenings and spare time in the Library of 
Congress. No claims therefore to completeness can be made. 
Indeed, it is almost too much to hope that all of even the more 
important references are cited herein, though earnest effort 
has been made to include them. However, absolute com- 
pleteness in bibliography, like ‘‘honesty in politics,’’ oftentimes 
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is only an ‘‘iridescent dream.’’ Said Plato: ‘‘As it is the 
commendation of a good huntsman to find game in a wide 
wood so it is no imputation if he hath not caught all.’’ This 
bibliography, therefore, may be considered as perhaps suggestive 
rather than exhaustive, and is presented partly on the possibility 
that, if once the ground be broken, other and better productions 
on the subject by others may follow. 

Doubtless there might arise occasional variations of opinion 
as to the desirability of inclusion or omission of certain names, 
especially of the considerable number whose interest in ento- 
mology was not paramount, or of the few whose very claim 
to the title might bear possible scrutiny. In connection with 
and illustrative of -these classes, those who read Holmes’s 
‘“The Poet at the Breakfast Table’’ will recall appreciatively 
a bit of conservation which the Entomological Monthly Maga- 
zine of London printed as a motto on the title page of its 15th 
volume for 1878-79: ‘‘I suppose you are an entomologist?” 
‘‘Not quite so ambitious as that, sir. I should like to put my 
eyes on the individual entitled to that name. No man can be 
truly called an entomologist, sir; the subject is too vast for any 
single human intelligence to grasp.” 

Then, too, the scope of this paper and limitations of space 
forbid inclusion of references to biographies, which easily can 
be located elsewhere, of such outstanding and widely known 
characters in general zoology as Agassiz, Aristotle, Boisduval, 
Buffon, Darwin, Cuvier, Eschscholtz, Fabricius, Geoffroy 
Saint Hilaire, Lacordaire, Lamarck, Latreille, Linnaeus, Lub- 
bock, Motschulsky, Reaumur, and Swammerdam. In their 
stead, emphasis has been placed on those who specialized in 
entomology or who were in some way more directly identified 
with modern entomology and whose biographies would not be 
quite so numerous or so readily accessible. References also 
have been omitted to such obvious sources of information as 
the various encyclopaedias and other standard reference works 
such as ‘‘The Americana,” ‘‘The New International Encyclo- 
paedia,”’ ‘Dictionary of National Biography,” ‘‘The Encyclo- 
paedia Britannica,’’ ‘‘American Men of Science,’’ ‘‘Who’s Who 
in America,’’ and ‘‘Rus.”’ 

There will be found considerable variation in length and 
scope of the various works to which reference is made. Some 
of them will be quite complete and elaborate, while others will 
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be very meager and unsatisfactory, and in a few instances 
scarcely more than brief notice of some activity or phase of 
the subject’s career. Where an illustration or a bibliography 
of the subject accompanied the article, the fact promised 


to be of sufficient usefulness to be indicated. (A. = Anonymous, 
B. = Bibliography, P. = Portrait.) The occasional omission 


of dates of birth or death signifies that these data were not 
obtainable either from the biographical sketch or from any 
other accessible source of information. The labor of prepara- 
tion of a paper of this kind, necessitating exactitude at every 
step, can be fully appreciated only by those who have tried it, 
and such will doubtless deal gently with vexatious errors that 
may occasionally creep in. Grateful acknowledgment is 
gladly made to all who aided in any way, especially to Dr. 
Herbert Osborn, for additions from his records, and for his 
characteristic sympathy and encouragement; to Dr. L. O. 
Howard, Dr. H. B. Weiss, Dr. E. O. Essig, and to Mr. S. A. 
Rohwer for many helpful suggestions, and to the officials of the 
Library of the Bureau of Entomology, the Library of the 
Department of Agriculture, and the Library of Congress, who 
not only provided special facilities, but gave willingly of time 
and effort when needed, also to Mrs. Ethel (Melsheimer) Miller, 
Librarian of the Entomology Library, Ohio State University, 
for additions and emendations. Special mention should be 
made of the intelligent and sympathetic aid of Miss Hester V. 
Bader in all the various stages of preparation of the manu- 
script, particularly her painstaking care in verifying correctness 
of citations. 

It is freely acknowledged that the bibliography which 
follows, in common with other like productions, comprises on 
the surface merely an assemblage of dull looking, dry-as-dust 
references. It might be well, however, to approach these with 
imaginative understanding and appreciative insight. It might 
be fitting to realize that each name therein is not merely a series 
of black marks on white paper, but that it once represented a 
living, sentient human being, endowed with all of humanity’s 
joys and sorrows, and hopes and fears. For these were fellow 
beings who once battled, even as we ourselves now contend, 
with the unequal distribution of capacity and opportunity, 
wealth and honors, health and happiness, which to many of us 
all too often tend to make this fathomless thing called life such 
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a cruel and inexplicable tragedy. But ‘‘in the democracy of the 
dead all men at last are equal,’’ and an appreciation of these 
facts makes such an array take on a deeper significance. 


“‘They were frail like ourselves, they had needs like our own, 
And they rest as we rest in God’s mercy alone.’’ 


In view of these considerations perhaps one may be pardoned 
for wishing that even so modest a paper as this, in addition to 
present day usefulness, might somehow be a means for keeping 
green for a while longer the memories of these fellow workers 
in Science whose traditions we have inherited, and for some of 
them of postponing for a little longer while the wave of earthly 
oblivion which, as the centuries pass on, indubitably and 
inexorably overtakes all mortal life. 


BIBLIOGRAPHY OF BIOGRAPHIES OF ENTOMOLOGISTS 
Italicized letters A. = Anonymous, B. = Bibliography, P. = Portrait. 


Assot, J. (1750-1840). Dow, R. P., Jour. N. Y. Ent. Soc., v. 22, pp. 65-72, 1914; 
Faxon, W., Auk. v. 13, pp. 204-215, 1896; Goode, G. B., Ann. Rpt. Smithsn 
Inst. 1897, v. 2, pt. 2, p. 429, 1901; Jardine, W., Natur. Libr., v. 32, pp. 69-71, 
1858; Kirby, W. F., Can. Ent., v. 20, pp. 230-232, 1888; Morris, J. G., Amer. 
Jour. Sci. & Arts, v. 1. pp. 19-20, 1846; Rhoads, S. N., Auk, v. 35, pp. 271-286, 
1918; Scudder, S. H., 19th Ann. Rpt. Ent. Soc. Ontario, pp. 48-50, 1888; 
Scudder, S. H., Can. Ent., v. 20, pp. 150-154, 230-232, 1888; Smith, J. B., 
P. Pop. Sci. Mo., v. 76, ;pp. 469-470, 1910; Stone, W., Auk, v. 23, pp. 361-368, 
1906; Swainson, W., B.. Bib. of Zool., pp. 99-100, 1840; Walton, W. R., Proc. 
Ent. Soc. Wash., v. 23, pp. 78-81, 1921. 

Apams, F. C. ( -1920). A., Ent. News, v. 32, p. 64, 1921; Austen, E. E., Ent. 
Mo. Mag., v. 56, p. 256, 1920. 

ALBIN, E. (1713?-1759?). Weiss, H. B., Sci. Mo., v. 23, pp. 558-560, 1926. 

ALLEN, A. (1829-1884). Fernald, C. H., Can. Ent., v. 16, pp. 43-44, 1884 

ANDREws, W. V. (1811-1878). A., Can. Ent., v. 10, p. 240, 1878; A., 10th Ann. 
Rpt. Ent. Soc. Ontario, pp. 35-36, 1879. 


ANGus, J. ( ). Moffat, J. A., 34th Ann. Rpt. Ent. Soc. Ontario, pp. 103-108, 
1903. 

ANNANDALE, T. N. (1876-1924). Calvert, P. P., Ent. News. v. 35, p. 264. 1924. 

ARNOLD. C. | 1883). A., 14th An. Rpt. Ent. Soc. Ont. p. 81. 1883; A., Can. Ent. 
v. 15. pp. 177-178. 1883. 

ARRIBALZAGA, F. L. ( -1894). A., Ent. News. v. 6. p. 32. 1895. 


AsHpown, W. J. (1855-1919). A., Ent. Mo. Mag. v. 56. p. 17. 1920. 

AsHMEAD, W. H. (1855-1908). A., P. Ent. News. v. 19. pp. 397-398. 1908; Bethune, 
C. J. S., Can. Ent. v. 40. pp. 437-438. 1908; Bethune, C. J. S., 39th An. Rpt. 
Ent. Soc. Ont. p. 150. 1908; Howard, L. O., Proc. Wash. Acad. of Sciences. 
v. 10. pp. 187-189. 1908; Howard, L. O., et al. P. B., Proc. Ent. Soc. Wash. 
v. 10. pp. 126-156. 1908; Howard, L. O., et al. Jour. Econ. Ent. v. 1. pp. 409-410. 
1908; Smith, J. B., P. Pop. Sci. Mo. v. 76. p. 473. 1910. 

Asuton, T. B. (1826-1895). Knaus, W., Ent. News. v. 7. p. 96. 1896. 





1928] Wade: Bibliography of Biographies 493 


ATKINSON, E. T. (1840-1890). A., Ent. Mo. Mag., v. 26, p. 329, 1890; A., Ent. 
News, v. 2, p. 40, 1891; Walsingham, T. DeG., Trans. Ent. Soc. London 1890, 
(Proc.) p. lix. 

ATKINSON, G. F. (1854-1918). A., Nature, v. 102, pp. 370-371, 1919; A., Sci., v. 
18, p. 571, 1918; A., Sci., v. 49, p. 230, 1919; Farlow, W. G., et al., Amer. Jour. 
Bot., v. 6, pp. 301-302, July, 1919 (P. in Oct. no.); Fitzpatrick, H. M., B., 
Amer. Jour. Bot., v. 6, pp. 303-308, 1919; Fitzpatrick, H. M., Sci., v. 49, pp. 
371-372, 1919; Lloyd, C. G., P., Mycological Notes No. 59, v. 5, pp. 845-846, 
June, 1919; Murrill, W. A., Jour. N. Y. Bot. Gard., v. 19, pp. 314-315, 1919; 
Murrill, W. A., Mycologia, v. 11, pp. 95-96, 1919; Pammel, L. H., Rpt. Iowa 
State Hort. Soc. 1918, v. 53, pp. 221-223, 1919; Whetzel, H. H., P., Bot. Gaz., 
v. 67, pp. 366-368, 1919; Whetzel, H. H. P., Guide to Nature, v. 12, pp. 70-72, 
1919. 

ANDOUIN, J. V. (1797-1841). Duponchel, M., Ann. Soc. Ent. France, Ser. 1, v. 
11, pp. 95-164, 1842; Swainson, W., B., Bib. of Zool., pp. 115-116, 1840. 

AUXER, S. (1835-1909). A., Ent. News, v. 20, p. 96, 1909. 


Bascock, A. L. (1826-1903). Morse, A. P., Psyche, v. 10, p. 187, 1903. 

Bacot, A. W., (1866-1922). A., Ent. News, v. 33, pp. 255-256, 1922; Greenwood, 
M., London Naturalist for 1923, pp. 24-32 (P., p. 1); Imms, A. D., Ann. Appl. 
Biol., v. 9. pp, 175-176, 1922; ‘‘L.B.P.”’ and ‘‘G.T.,’’ Ent., v. 55, pp. 143-144, 
1922; Ledingham, J. C. G., P., B., Lister Inst. Prev. Med., Collected Papers 
no. 18, Ist paper (reprinted from Brit. Jour. Expt. Path., v. 3, pp. 117-124, 
1922); Rothschild, N. C., Trans. Ent. Soc. London 1922, (Proc.) pp. cxix-cxx. 

Baker, G. A. (1839-1918). A., Bul. Soc. Ent. France, No. 2, pp. 43-54, 1918; A., 
Ent. News, v. 29, p. 280, 1918. 

BalLey, J.S.( -1883). <A., 14th Ann. Rpt. Ent. Soc. Ontario, p. 82, 1883; A., Can. 
Ent., v. 15, p. 179, 1883; Edwards, H., Papilio, v. 3, pp. 166-167, 1883. 

BAKER, C. F. (1872-1927). Calvert, P. P., Ent. News, v. 38, pp. 261-262, 1927; 
Essig, E. O., P. Phil. Jour. Sci. v. 25, pp. 429-436. 1928. Essig, E. O., P., 
Jour. Econ. Ent., v. 20, pp. 748-754, Hoffman, W. E. P., Lingnaam Review, 
v. 4, pp. 197-202. 1927; Yule, 1927; Welles, C. G., Sci., n. s., v. 66, pp. 229-230, 
1927; E.S., etal. P., Philippine Agr. v. 16 Special Number 1928. 

BaLpus, K. ( -1927). A., Sci., n. s., v. 66, p. 129, 1927; A., Ent. News, v. 38, 
p. 262, 1927. 

BaLKWILL, J. A. ( -1908). Bethune, C. J. S., Can. Ent., v. 40, p. 438, 1908. 

BALLARD, J. P. ( -1894). ‘‘W.H.E.,’’ Can. Ent., v. 26, p. 234, 1894. 

BanG-Haas, A. (1846-1925). A., Ent. News, v. 36, p. 128, 1925; Henriksen, K. L., 
P., Ent. Medd., v. 16, pt. 1, pp. 28-29, 1925. 

Bar, C. ( -1884). Dimmock, G., Psyche, v. 4, p. 266, 1885. 

BARNARD, W. S. (1849-1887). Wilder, B. G., Amer. Nat., v. 21, pp. 1136-1137, 1887. 

BARNEVILLE, H. B. de ( -1887). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

Barrows, W. B. (1855-1923). ‘‘W.A.H.,’’ Jour. Econ. Ent., v. 18, pp. 563-564, 
1925. 

BARTRAM, J. (1699-1777). A., P., Harper’s Mag., v. 60, pp. 321-330, 1880; Darling- 
ton, W., Amer. Jour. Sci., Ser. 2, v. 9, pp. 85-105, 1850; Dock, M. L., P., Garden 
& Forest, v. 9, pp. 121-124, 1886; Kelly, H. A., Some American Medical 
Botanists, pp. 49-59, 1914; ‘‘L.,’’ P., Gard. Mo., v. 2, pp. 271-273, 1860; 
Repplier, A., Philadelphia, the place and its people (MacMillan, N. Y.), pp. 
168-171, 1912; Youman, Pioneers of Science in America, pp. 24-39, 1896. 

Bassett, H. F. (1826-1902). A., Ent. Mo. Mag., v. 38, p. 289, 1902; A., P., Ent. 
News, v. 13, pp. 203-205, 1902; A., P., Nat. Cyclop. of Amer. Biog., v. 6, p. 
481, 1896; Fowler, W. W., Trans. Ent. Soc. London 1902, (Proc.) p. lix. 

BasTeER, J]. (1711-1775). Swainson, W., B., Bib. of Zool., p. 122, 1840. 

Bates, H. W. (1825-1892). A., Ent. News, v. 3, p. 72, 1892; A., Ent. Record, 
v. 3, p. 59, 1892; A., Psyche, v. 6, pp. 249-250, 1892; Godman, F. D., Trans. 
Ent. Soc. London 1892, (Proc.) pp. 1-lv; McLachlan, R., Ent. Mo. Mag., v. 
IS pp. 83-85, 1892, 








494 Annals Entomological Society of America [Vol. XXI, 


Bar, G. (1859-1898). Wheeler, W. M., P., B., Amer. Nat., v. 23, pp. 15-30, 1899. 
Beavvolis, P. (1752-1820). Swainson, W., B., Bib. of Zool., p. 122, 1840. 
Baccari, O. (1843-1920). A., Ent. News, v. 32, p. 160, 1921. 

BecHer, E. (1856-1886). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

BEDEL, L. (1849-1922). A., Ent. News, v. 33, p. 256, 1922; A., Bul. Soc. Ent. 
France, Nos. 3-4, pp. 33-34, 46, 1922; Sainte-Claire Deville, C. J., B., Ann. 
Soc. Ent. France, v. 91, pp. 164-189, 1922. 

Beur, H. H. (1818-1904). A., Ent. News, v. 15, pp. 142-144, 1904; Cottle, J. E., 
Pan-Pacific Ent., v. 3, pp. 75-76, 1926; Eastwood, A., Sci., n. s. v. 19, p. 636, 
1904. 

BEHRENS, J. (1824-1898). Ehrhorn, E. M., Ent. News, v. 9, p. 128, 189$. 

BerGrotH, E. E. (1857-1925). Barber, H. G., Ent. News, v. 37, pp. 190-192 
1926; Forsius, R., P., Notulae Ent., v. 5, pp. 101-105, 1925; Parshley, H. M., 
P., Bul. Brooklyn Ent. Soc., v. 21, pp. 15-17, 1926; ‘‘W.E.C.,’’ Ent., v. 59, 
p. 48, 1926. 

BERLESE, A. (1863-1927). A., Ent. News, v. 39, p. 32, 1928. Davidson, J., P., Ann. 
App. Biol., v. 15, p. 509-511, 1929. 

Bicot, J. F. M. (1818-1893). A., Ent. Mo. Mag., v. 29, p. 145, 1893; A., Ent. 
News v. 4, p. 280, 1893. 

BituinGs, B. (1819-1871). A., Can. Ent., v. 4, pp. 70-73, 1872. 

BILLINGs, E. (1820-1876). Whiteaves, J. F., Can. Ent., v. 8, pp. 251-261, 1878. 

Bitiups, T. R. (1841-1919). ‘‘R.A.,’’ Ent. Mo. Mag., v. 56, p. 66, 1920 

BIo.Ley, P. (1862-1908). ‘‘J.A.G.R.,’’ P., Ent. News, v. 19, pp. 394-395, 1908. 

BiscuorF, E. A. (1866-1923). Leng, C. W., Ent. News, v. 35, p 114, 1924. 

BLACKBURN, T. (18472-1912). A., Ent. Mo. Mag., v. 48, p. 219, 1912; A., Ent. 
News, v. 23, p. 436, 1912; Morice, F. D., Trans. Ent. Soc. London 1912, (Proc.) 
p. clxviii. 

BLAKE, C. A. (1834-1903). A., Ent. News, v. 33, p. 311, 1922; Anon., P., Ent. 
News, v. 14, pp. 213-215, 1903. 

Bianc, E. ( -1923). A., Ent. News, v. 34, p. 256, 1923. 

BLANCHARD, F. (1843-1912). Sherman, J. D., Jr., P., Ent. News, v. 24, pp. 46-48, 
1913. Sherman J. D. Jr., P., Jour. N. Y. Ent. Soc. v. 21, pp. 69-71, 1913. 
BLANCHARD, R. (1857-1919). A., Ent. News, v. 30, p. 210, 1919; Garrison, F. H., 

Sci., n. s., v. 49, pp. 391-392, 1919. 

BLAND, J. H. B. (1833-1912). A., P., Ent. News, v. 23, p. 47, 1912. 

BLanp, T. (1809-1885). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

BoHeMAN, G. H. (1796-1868). Stal, C., Ann. Soc. Ent. France, 4th Ser., v. 9 
pp. 105-106, 1869. 

Bo.ter, A. (1820-1900). A., Ent. News, v. 11, p. 450, 1900. 

Bonnet, C. (1720-1793). Miall, L. C., Early Naturalists, their lives and work, 
pp. 284-291, 1912; Swainson, W., Bib. of Zool., p. 133, 1840. 

Bonvoutorr, H. A. de (1839-1914). A., Bul. Ent. Soc. France, p. 405, 1914; A., 
Ent. News, v. 26, pp. 191-192, 1915. 


BorpaGe, E. ( - ). A., Ent. News, v. 35, pp. 303-304, 1924; Picard, F., Bul. 
Ent. Soc. France, p. 33, 1924. 
Bormans, A. de( - ). ‘‘M.B.,’’ P., Ent. Record, v. 13, pp. 85-88, 1901. 


BoswELL, J. T. (1822-1888). A., Ent. Mo. Mag., v. 24, p. 235, 1888; Dimmock, G., 
Psyche, v. 5, p. 156, 1889. 

Boupirr, E. (1828-~- ). A., Ent. News, v. 31, p. 210, 1920. 

Bou..eT, E.( - ). A., Ent. News, v. 34, p. 256, 1923. 

BourGeots, J. (1846-1911). A., Ent. News, v. 23, p. 48, 1912; Morice, F. D., 
Trans. Ent. Soc. London 1911, (Proc.) p. exxvi. 

Bow Es, G. J. (1837-1888?). A., 18th Ann. Rpt. Ent. Soc. Ontario, pp. 50-51, 
1888; Goding, F. W., 20th Ann. Rpt. Ent. Soc. Ontario, pp. 20-21, 1889. 














1928] Wade: Bibliography of Biographies 495 


BraprorpD, G. D. (1873-1894). A., Ent. News, v. 6, p. 64, 1895; Beutenmuller, 
W., Jour. N. Y. Ent. Soc., v. 2, p. 192, 1894. 

Brab_ey, J. W. ( -1918). Burgess, A. F., Jour. Econ. Ent., v. 11, p. 390, 1918. 

BRAKELEY, J. T. (1847-1915?). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 10, pp. 
84-86, 1915. 

Braver, F. M. (1832-1905). A., Ent. Mo. Mag., v. 41, pp. 73-74, 1905; A., Ent. 
News, v. 16, p. 160, 1905; Poulton, E. B., Trans. Ent. Soc. London 1904, (Proc.) 
pp. c-ci. 

BreuM, A. E. (1829-1884). A., Psyche, v. 4, p. 236, 1884. 

BreuM, H. H. (1869-1924). Rummel, C., Bul. Brooklyn Ent. Soc., v. 20, p. 96, 
1925. 

Briacs, C. A. (1849-1916). A., Ent. Mo. Mag., v. 52, pp. 279-280, 1916; A., Ent. 
News, v. 28, p. 337, 1917; Lucas, W. J., Ent., v. 50, pp. 23-24, 1917. 

Bropigz, W. (1831-1909). A., Can. Ent., v. 42, pp. 47-48, 1910; Morris, F., P., 
Can. Ent., v. 41, pp. 377-380, 1909; Morris, F., P., 40th Ann. Rpt. Ent. Soc. 
Ontario, p. 129, 1909. 

Broun, T. ( -1919). A., Ent. News, v. 31, p. 149, 1920. 

Brown, J. E. ( -1903). A., Ent. News, v. 15, p. 56, 1904. 

Brunetti, E. (1864-1927). Kemp, S. W., Ent. Mo. Mag., v. 63, pp. 236-237, 1927. 

Buckuout, W. A. (1846-1912). A., Ent. News, v. 24, p. 48, 1912. 

BuNKER, R. (1821-1892). A., Ent. News, v. 3, p. 104, 1892. 

BurGess, E. (1848-1891). A., Ent. News, v. 2, p. 168, 1891; A., Insect Life, v. 3, 
p. 490, 1891; A., Psyche, v. 6, p. 131, 1891; Scudder, S. H., B., Boston Soc. Nat. 
Hist. Proc., v. 25, pp. 358-365, 1892; Walton, W. R., Proc. Ent. Soc. Wash., 
v. 23, pp. 90-91, 1921. 

BuRMEISTER, C. H. C. (1807-1892). A., Ent. News, v. 3, pp. 191-192, 1892; A.— 
Psyche, v. 6, p. 300, 1892; Berg, C., P., B., Ann. Soc. Ent. France, v. 63, pp. 
705-712, 1894; Godman, F. D., Trans. Ent. Soc. London 1892, (Proc.) pp. 
xlvi-xlvii; ‘‘R.McL.,’’ Ent. Mo. Mag., v. 28, pp. 195, 221-222, 1892. 

BuTLer, A. G. (1844-1925). A., Ent. News, v. 36, p. 256, 1925. 

Butter, C. (1560-1647). Miall, L. C., Early Naturalists, their lives and work, 
pp. 87-93, 1912. 

Butter, E. A. (1845-1925). A., Ent. v. 59, p. 24, 1926; A., Ent. News, v. 37, p. 
126, 1926; ‘‘W.E.C.,”’ P., Ent. Mo. Mag., v. 62, p. 24, 1926. 


CaMERON, P. (1847-1912). A., Ent. News, v. 24, p. 96, 1913; ‘‘“G.M.W.,"’ Ent. 
Mo. Mag., v. 49, pp. 20-21, 1913; Morice, F. D., Trans. Ent. Soc. London 
1912, (Proc.) p. clxix; Morley, C., Ent., v. 46, p. 24, 1913. 

CampPIOon, H. ( -1924). A., Ent. Mo. Mag., v. 60, p. 69, 1924; A., Ent. News, 
v. 35, p. 190, 1924; ‘‘C.J.G.,’’ Ent., v. 57, p. 72, 1924; Calvert, P. P., Ent. News, 
v. 35, pp. 265-266, 1924. 

CaNDEZE, E. C. A. (1827-1898). A., Ent. News, v. 9, p. 208, 1898; Lameere, A., 
P., B., Ann. Soc. Ent. Belgique, v. 42, pp. 504-519, 1898; Longchamps, S., 
P., B., Acad. Roy. de Belgique Ann., v. 66, p. 419, 1900; ‘‘R.McL.,”’ Ent. 
Mo. Mag., v. 34, pp. 215-216, 1898; Trimen, R., Trans. Ent. Soc. London 
1898, (Proc.) p. liii. 

Cant, A. (1863-1924). A., Ent. News, v. 36, p. 222, 1925; ‘‘N.D.R.,”” Ent., v. 58, 
p. 72, 1925. 

CARROLL, J. (1854-1907). A., Brit. Med. Jour., v. 2, pp. 1107-1108, 1907; A., Ent. 
News, v. 18, p. 450, 1907; ‘‘G.M.S.,’’ Sci., v. 26, p. 453, 1907; Kelley, H. A., 
et al., Bul. Johns Hopkins Hosp., v. 19, pp. 1-12, 1908; Kelley, H. A., Proc. 
Wash. Acad. Sci., v. 10, pp. 204-207, 1908. 

CARSTANJEN, E. (1835-1884). A., Psyche, v. 4, p. 236, 1884. 

Carter, J. W. (1843-1920). A., Ent. News, v. 32, p. 192, 1921. 

Casey, T. L. (1857-1925). Blaisdell, F. E., Pan-Pacific Ent., v. 2, no. 2, pp. 

90-91, Oct., 1925; Grinnell, F., Bul. Brooklyn Ent. Soc., v. 9, p. 72, 1914; 








496 Annals Entomological Society of America |Vol. X XI, 


Hatch, M. H., B., Ent. News, v. 37, pp. 175-179, 198-202, 1926; Leng, C. W., 
Ent. News, v. 36, pp. 97-100, 1925; Leng, C. W., Nat. Hist., v. 25, pp. 206-207, 
1925; Schwarz, E. A., et al., P., Proc. Ent. Soc. Wash., v. 27, pp. 41-43, 1925. 

CasTLE, D. M. (1842-1924). A., Ent. News, v. 35, p. 304, 1924; Wenzel, H. W., 
P., Ent. News, v. 35, pp. 305-306, 1924. 

Catessy, M. (1679-1749). Strecker, H., B., Butterflies and Moths of North 
America, pp. 217-218, 1878; Walton, W. R., Proc. Ent. Soc. Wash., v. 23, pp. 

77-78, 1921. 

CAULFIELD, F. B. ( -1892). A., Can. Ent., v. 24, p. 104, 1892. 

CnHasaut, A. (1860-1926). Fagniez, C., P., B., Ann. Soc. Ent. France, v. 15, pp. 
195-208, 1926. 

CHABRIER, ( - ). Swainson, W., Bib. of Zool., p. 151, 1840. 

CHAMBERS, V. T. (1831-1883). A., 14th Ann. Rpt. Ent. Soc. Ontario, p. 81, 1883; 
A., Can. Ent., v. 15, p. 178, 1883; A., Papilio, v. 3, p. 168, 1883. 

Cuampion, G. C. (1851-1927). A., Ent., v. 60, pp. 215-216, 1927; Calvert, P. P., 
Ent. News, v. 38, pp. 326-328, 1927; ‘‘H.J.T.,’”’ Ent. Record, v. 39, no. 9, p. 
131, 1927; ‘‘J.J.W.,’’ Nature, v. 120, p. 415, 1927; Walker, J. J., et al., P., 
Ent. Mo. Mag., v. 63 (3d ser., v. 13), pp. 197-203, 1927. 

CHAMPION, R. J. (1895-1917). A., Ent. News, v. 29, p. 80, 1918; ‘‘J.J.W.,’’ Ent. 
Mo. Mag., v. 53, p. 215, 1917. 

Cuapman, T. A. (1842-1921). A., Ent. News, v. 33, pp. 127-128, 1922; Champion, 
G. C., Ent. Mo. Mag., v. 58, pp. 40-41, 1922; Sheldon, N. G., Ent., v. 55, pp. 
44-48, 1922. 

CHATFIELD, A. F. (1816-1900). A., Ent. News, v. 11, p. 451, 1900. 

Cueux, A. ( -1914). A., Bul. Ent. Soc. France, p. 457, 1914; A., Ent. News, v. 
26, p. 192, 1915. 

CuHeEvro at, A. (1799-1884). A., Psyche, v. 4, p. 236, 1884; Dunning, J. W., Trans. 
Ent. Soc. London 1884, (Proc.) p. xliii; Reiche, M. L., Ann. Soc. Ent. France, 
6th ser., v. 4, pp. 357-360, 1884. 

Cuun, C. (1862-1914). A., Ent. News, v. 25. p. 335. 1914. 

CLARKE, C. H. (1851-1916). A., Psyche. v. 23. p. 94. 1916; A., Psyche. v. 23. p. 
94. 1916; A., Ent. News. v. 27. p. 384. 1916. 

CLEMENS, J. B. (1829?-1867). A., Ent. Mo. Mag., v. 4. p. 21. 1867; Skinner, H., 
P. Ent. News, v. 25. pp. 289-292. 1914; Smith, J. B., P. Pop. Sci. Mo. v. 76. 
p. 472. 1910. 

CLEMENTI, V. (1812-1899). A., Can. Ent. v. 31. p. 371. 1889; Bethune, C. J. S. 
30th An. Rpt. Ent. Soc. Ont. p. 124. 1899. 

Conrapt, A. (1838-1910). A., Ent. News. v. 21. p. 436. 1910. 

Cook, A. J. (1842-1916). A., Ent. News, v. 27, p. 432, 1916; A., P., Mo. Bull. 
Calif. St. Hort. Com. v. 5. pp. 355. 1916. Goding, F. W., Mich. Hort. Rept., 
v. 18, pp. 338-339, 1888. 

Cook, F. C. ( -1923). Bishopp, F. C., Journ. Eco. Ent. v. 16. pp. 398-399. 1923. 

CooKkE, M. (1829-1887). Goding, F. W., P. West Am. Sci. v. 7. pp. 27-29, 1890. 

CookE, N. (1818-1885). A., Ent. Mo. Mag., v. 22, p. 46, 1885; Dimmock, G., 
Psyche, v. 5, p. 35, 1888. 

Corr, E. D. (1840-1897). Frazer, P., P., Am. Nat., v. 31, pp. 410-413, 1897. Gill, 
T. P., Am. Nat., v. 31. pp. 831-863, 1897; Kingsley, J. S., Am. Nat., v. 31. 
pp 414-419; Osten Sacken, C. R., Psyche, v. 8, p. 75, 1897. 

CooulLLeTt, D. W. (1856-1911). Banks, N., et al., Ann. Ent. Soc. Amer., v. 5, 
p. 75, 1912; Banks, N., et al., B., Proc. Ent. Soc. Wash., v. 13, pp. 195-210, 
1911; Brues, C. T., Psyche, v. 18, p. 159, 1911; Cresson, E. T., Jr., P., Ent., 
v. 22, pp. 337-338, 1911; Hewitt, C. G., Can. Ent., v. 43, pp. 311-312, 1911; 
Walton, W. R., Jour. N. Y. Ent. Soc., v. 22, pp. 159-164, 1914. 

CorsetTt, H. H. (1856-1921). A., Ent. News, v. 32, p. 192, 1921; ‘‘G.T.P.,’’ Ent 
Mo. Mag., v. 57, pp. 66-67, 1921. 





1928] Wade: Bibliography of Biographies 497 


CorneE ius, C. (1805-1885). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

Cowan, F. (1844-1905). Weiss, H. B., B., Ent. News, v. 37, pp. 212-214, 1926. 

Cowan, G. H. (1886-1924). Cooley, R. A., P., Mont. State Board of Ent., 6th 
Bien. Rpt. 1925-1926, pp. 14-15, 1926. 

Cracc, F. W. (1882-1924). A., Ent. News, v. 35, pp. 262-263, 1924; A., B., 
Indiana Jour. Med. Research, v. 12, pp. 5-9, 1924; A., Sci., v. 59, p. 438, 1924; 
Green, E. E., ’ is. Ent. Soc. London 1924, (Pro p ns “WAL, 
Jour. Econ. Ent., v. 18, p. 563, 1925. 

Craw, A. (1850-1908). Kotinsky, J., Jour. Econ. t., v. 1, pp. 410-411, 1908; 
Kotinsky, J., P., Proc. Hawaiian Ent. Soc., v. 2, pp. 24-26, 1908; Swezey, 
O. H., et al., Ent. News, v. 20, p. 48, 1909. 

Cresson, E. T. (1838-1926). A., P., Ent. News, v. 37, pp. 161-163, 1926; Bradley, 
J. C., et al., P., Ann. Ent. Soc. America, v. 20, p. 139, 1927; Calvert, P. P., 
sci., n. s., v. 64, pp. 8-9, 1926. 














Cresson, G. B. (1859-1919). Calvert, P. P., Ent. News, v. 31, pp. 29-30, 1920. 

Crort, H. H. (1820-1883). A., 14 Ann. Rpt. Ent. Soc. Onta p. 81, 1883; 
1., Can. Ent 15, p. 78, 1883; Bethune, C. J. S., P., Can 18, pp. 
1-5, 1916. 

Crorcu, G. R. (1842-1874 A., Amer. Nat., v. 8, p. 512, 1874; A., Can. Ent., 
. 6, p. 160, 1874; A., Nat. Can., v. 6, p. 269, 1874; Bethune, C. J. S., Can. Ent 
. 6, p. 160, 1874; Edwards, H., Proc. Calif. Acad. Sci., v. 5, pp. 332-334, 1874 

CRUICKSHANK, T. S. (1866-1905). A., Can. Ent., v. 37, p. 196, 1905. 

CumMINGs, B. F. ( 1919). A., Ent. Mo. Mag., v. 55, p. 264, 1919; A., Ent. 
News, v. 31, p. 149, 1920. 

CUNNINGHAM, T. H. (1838-1916). A., Can. Ent., v. 48, p. 180, 1916. 

Curtis, J. (1791-1862). Kellogg, V. L., Ent. News, v. 8, p. 75, 1897; Smith, 
Trans. Ent. Soc. London 3d ser., v. 1, (Proc.) pp. 122-125, 1862; Swains 
W., B., Bib. of Zool., p. 157, 1840. 


DaECcKE, V. A. E. (1863-1918). A., Ent. News, v. 29, p. 400, 1918; Calvert, P. P., 
Ent. News, v. 30, pp. 58-60, 1919. 

DakIN, J. A. (1852-1900). A., Ent. News, v. 11, p. 451, 1900. 

DALMAN, J. W. (1787-1828). Strecker, H., B., Butterflies and Moths of North 
America, p. 219, 1878. Dehlman, J. W. (1787-1828). Swainson, W., B., 
Bib. of Zool., p. 163, 1840. 

Davis, C. A. | 1908). A., Ent. News, v. 19, p. 234, 1908; Burgess, A. F., Jour. 
Econ. Ent., v. 1, p. 165, 1908. 


DeGEER, C. (1720-1778). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, p. 38, 1913; 
Miall, L. C., Early Naturalists, their lives and work, pp. 277-288, 1912; Miall, 


L. C., Nat. Hist. Aquatic Insects, pp. 362-364, 1895; Swainson, W., Bib. of 
Zool., pp. 194-197, 1840. 

DeJean, P. F. M. A. (1780-1845). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, 
p. 39, 1913; Dow, R. P., Bul. Brooklyn Ent. Soc., v. 9, pp. 10-18, 37-39, 1914; 
Swainson, W., B., Bib. of Zool., p. 167, 1840. 

DeLacerDA, A. (1834-1885). Dimmock, G., Psyche, v. 5, p. 36, 1888. 

Denton, J. M. (1829-1896). A., P., Can. Ent., v. 28, pp. 115-116, 1896; Bethune, 
C. J. S., 27th Ann. Rpt. Ent. Soc. Ontario, pp. 110-111, 1896. 

DeSerres, O. (1539-1619). Miall, L. C., Early Naturalists, their lives and work, 
pp. 93-98, 1912. 

Dickerson, E. L. (1878-1923). Weiss, H. B., B., Ent. News, v. 35, pp. 35-38, 1924. 
Distant, W. L. (1845-1922). A., Ent. Mo. Mag., v. 58, p. 66, 1922; A., Ent. 
News, v. 33, pp. 254-255, 1922; Campion, H., Ent., v. 55, pp. 70-71, 1922. 
DiveNn, E. L. (1899-1919). Busck, A., et al., P., Proc. Ent. Soc. Wash., v. 21, 

pp. 177-178, 1919. 
Dixon, S. G. (1851-1918). A., Ent. News, v. 29, p. 157, 1918. 








498 Annals Entomological Society of America [Vol. XXI, 


Dourn, C. A. (1806-1892). A., Ent. News, v. 3, p. 192, 1892; A., Psyche, v. 6, 
p. 300, 1892; Godman, F. D., Trans. Ent. Soc. London 1892, (Proc.) p. xlviii; 
Grote, A. R., Can. Ent., v. 24, pp. 181-182, 1892. 

DottMAN, H. C. (1888-1919). A., Ent. News, v. 31, p. 30, 1920; ‘‘H.D.,’’ Ent. 
Record, v. 31, pp. 39-40, 1919; ‘‘J.G.D.,’’ Ent. Mo. Mag., v. 55, pp. 139-140, 
1919. 

DoncasTER, L. (1877-1920). A., Ent. News, v. 31, p. 240, 1920. 

DOoNCEEL, C. D. de (1802-1888). Dimmock, G., Psyche, v. 5, p. 156, 1889. 

DouB.LepDAy, E. (1810-1849). Douglas, J. W., Trans. Ent. Soc. London 1850, 
n. s., v. 1, (Proc.) pp. 1-2; Strecker, H., B., Butterflies and Moths of North 
America, p. 219, 1878; Westwood, J. O., Gardener’s Chron., p. 71, 1850. 

Dous_ebay, H. (1809-1875). A., Ent. Mo. Mag., v. 12, pp. 69-71, 1875; Dunning, 
J. W., P., Ent., v. 10, pp. 53-61, 1877; Saunders, S. S., Trans. Ent. Soc. London 
1875, (Proc.) p. xxxi. 

Druce, H. (1846-1913). A., Ent. Mo. Mag., v. 49, p. 277, 1913; A., Ent., v. 46, 
p. 199, 1913; A., Ent. News, v. 24, p. 432, 1913; ‘‘G. T. B.-B.,”’ Ent. Record, 
v. 25, p. 172, 1913. 

Druce, H. H. C. J. (1868-1922). A., Ent. News, v. 33, p. 320, 1922; ‘‘N. D. R.,”’ 
Ent., v. 55, pp. 215-216, 1922. 

Drury, Dru (1725-1803). Cockerell, T. D. A., Sci. Mo., v. 14, pp. 67-82, 1922; 
Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, p. 38, 1913; Jardine, W., P., Nat. 
Lib., v. 183, Mammalia, pp. 17-71, 1842; Strecker, H., B., Butterflies and Moths 
of North America, p. 220, 1878; Swainson, W., B., Bib. of Zool., pp. 171-172, 
1840. 

Duckett, A. B. (1891-1918). Popenoe, C. H., et al., B., Proc. Ent. Soc. Wash., 
v. 20, pp. 185-186, 1918. 

Duna, L. ( -1895). A., Ent. News, v. 6, p. 340, 1895. 

Durour, L. (1780-1865). Pascoe, F. P., Ent. Mo. Mag., v. 2, p. 48, 1865; Pascoe, 
F. P., Trans, Ent. Soc. London 1865, 3d Ser., v. 2, (Proc.) pp. 137-138; 
Swainson, W., Bib. of Zool., p. 172, 1840. 

DumMER, R. A. ( - ). Alexander, C. P., Ent. News, v. 34, p. 192, 1923. 

DuponcuEL, A. J. (1744-1846). Swainson, W., Bib. of Zool., pp. 173-174, 1840. 

Dye, F. (1835?-1920). Weiss, H. B., Ent. News, v. 31, p. 180, 1920. 


Epwarp, T. (1814-1886). Smiles S. P., Harper N. Y., pp. 1-301, 1877. 

Epwarps, H. (1830-1891). A., P., Ent. News, v. 2, pp. 129-130, 1891; A., Insect 
Life, v. 3, pp. 489-490, 1891; A., Psyche, v. 6, p. 118, 1891; Beutenmuller, W.., 
22nd Ann. Rpt. Ent. Soc. Ontario, pp. 96-97, 1891; Beutenmuller, W., Can. 
Ent., v. 23, pp. 141-142, 259-267, 1891; Smith, J. B., P., Pop. Sci. Mo., v. 76, 
pp. 471-472, 1910. 

Epwarps, W. H. (1822-1909). A., Can. Ent., v. 41, p. 173, 1909; A., P., Ent. 
News, v. 20, pp. 193-194, 1909; Bethune, C. J.S., P., 26th Ann. Rpt. Ent. Soc. 
Ontario, pp. 87-88, 1895; Bethune, C. J. S., P., Can. Ent., v. 28, pp. 1-2, 1896; 
Bethune, C. J. S., Can. Ent., v. 41, pp. 245-248, 1909; Dixey, F. A., Trans. 
Ent. Soc. London 1909; (Proc.) p. 1xxxix; Smith, J. B., P., Pop. Sci. Mo., v. 
76, p. 471, 1910. 

EunrMan, G. A. (1862-1926). A., Ann. Carnegie Mus., v. 16, pp. 351-352, 1926; 
Holland, W. J., Ent. News, v. 37, pp. 95-96, 1926. 

Exviot, S. L. (1844-1889). Packard, A. S., Ent. Amer., v. 5, pp. 83-84, 1889. 

Ewes, H. J. (1846-1922). A., Jour. Econ. Ent., v. 16, pp. 233-234, 1923; ‘‘G. T. 
B.-B.,’’ Ent. Record, v. 34, pp. 224-225, 1922; Rothschild, N. C., Trans. Ent. 
Soc. London 1922, (Proc) pp. cxx—cxxi; Skinner, H., Ent. News, v. 34, p. 64, 1923. 

Emery, C. (1848-1925). Forel, A., Bul. Ann. Soc. Ent. Belgique, v. 65, pp. 198-199, 
1925; Grandi, G., P., Mem. Soc. Italia, v. 4, pp. 201-222, 1926; Wheeler, W. M., 
Ent. News, v. 36, pp. 318-320, 1925. 

Emmons, E. (1799-1863). A., P., Pop. Sci. Mo., v. 48, pp. 406-411, 1896; Marcon, 
J., P., B., Amer. Geol., v. 7, pp. 1-23, 1891; Marcon, J., P., Sci., v. 5, p 





1928] Wade: Bibliography of Biographies 499 


156-458, 1885; Perry, J. B., Proc. Boston Soc. Nat. Hist., v. 12, pp. 214-216, 
1869; Scudder, S. H., Proc. Boston Soc. Nat. Hist., v. 12, p. 261, 1869; Strecker, 
H., B., Butterflies and Moths of North America, p. 225, 1878; Walton, W. R., 
Proc. Ent. Soc. Wash., v. 23, pp. 85-86, 1921; Youmans, W. J., P., Pioneers of 
Sci. in Amer., pp. 347-353, 1896. 


Enocu, F. (1845-1916). A., Ent. Mo. Mag., v. 52, pp. 163-164, 1916; A., Ent. 
News, v. 27, p. 382, 1916. 

EsMarK, L. ( -1884). Dimmock, G., Psyche, v. 4, 266, 1885. 

Evans, W. (1850-1922). A., Ent. News, v. 34, p. 055. ‘1923. 

-— R, S. (1846-1926). A., Ent. News, v. 37, pp. 126-127, 1926; A., Sci., n.s., 


. 63, p. 227, 1926. 


Fasre, J. H. (1823- 1915). A., Can. Ent., v. 47, p. 352, 1915; A., Ent. News, v. 26, 
pp. 423-424, 1915; A., Proc. Ent. Soc. Wash., v. 18, p. 2, i916; Bicknell, P. F., 
Human Side of Fabre, Unwin, 1923; Bouvier, E. L., Ann. Rpt. Smithsn. 
ae 1916, pp. 487-597, 1917; Bouvier, E. L., Revue generals des Sciences 
pures et appliquees, Ann. 26, no. 22, pp. 634-639, 1915; ‘‘D. S.,’’ Ent. Mo. Mag., 
v. 51, pp. 332-333, 1915; Fabre, A., Life of Jean Henri Fabre, the Entomologist 
(Trans. by Miall, B.), Dodd, New York, 1921; Ferton, C., Revue Scientifique, 
no. 16-23, pp. 545-557, Sept., 1916; ‘‘H. R.-B.,’’ Ent., v. 48, pp. ‘ a 72, 1915; 
Hewitt, C. G., P., Can. Ent., v. 47, pp. 381-383, 1915; Howard, L. O., P., Nat. 
Hist., v. 22, pp. 319-3: = 1922; Julian, P., Living Age, v. 323, pp. 436-440, 
1924; Legros, C. V., Fabre, Poet of Science, Unwin, 1921; Lockhead, W., P., 
45th Ann. Rpt. Ent. sy Ontario, pp. 61-70, 1914; Miall, B., Life of Fabre, 
the Entomologist, Hodder, 1921; Wheeler, W. M., Jour. Anim. Behavior, 
v. 6, pp. 74-80, 1916. 

Fanrageus, O. J. (1796-1884). A., Psyche, v. 4, p. 236, 1884; Dunning, J. W., 
Trans. Ent. Soc. London, 1884, (Proc.), pp. xlii—xliii. 

Fat.ou, J. F. (1812-1895). A., Ent. Mo. Mag., v. 31, pp. 221-222, 1895; A., Ent. 
News, v. 6, p. 340, 1895. 

FARREN, W. (1836-1887). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

Fassi-Tepuitz, A. H. ( -1922). A., Ent. News, v. 36, p. 96, 1925. 

FELDMAN, H. (1814-1887). Se Se F. ioe News, v. 7, pp. 129-131, 1896. 

FERNALD, C. H. (1838-1921). « , Na . Cyclop. Amer. Biog., v. 9, p. 232, 1907; 
A., Proc. Ent. Soc. Wash., 23, * 68, 1921; Braun, A. F., Ent. News, v. 32, 
pp. 129-133, 1921; Burgess, A. < , P., Jour. Econ. Ent., v. 14, pp. 242-243, 
1921; Howard, L. O., Sci., n. s., v. 32, pp. 769-775, 1910. 

FERNALD, M. E. (1839 1919). Felt, E. P., Jour. Econ. Ent., v. 13, p. 153, 1920. 

FieLp, H. H. (1868-1921). A., Ent. News, v. 32, pp. 182-183, 1921; Ruhl, M., 
Bibl. Zool., v. 30, p. 1, 1921. 

Fretpe, A. M. (1839-1916). ‘‘P. P. C.,’’ Ent. News, v. 27, pp. 191-192, 1916; 
Stevens, H. N., P., Field Memorial Com., 377 pp., 1918. 

FInLay, C. J. (1833-1915). A., Ent. News, v. 26, p. 384, 1915. 

Finot, P. A. P. (1838-1908). A., Ent. Mo. Mag., v. 44, p. 160, — Hancock, 
J. L., Ent. News, v. 19, p. 396, 1908; “‘M. B.,”’ P., Ent. Record, v. 20, pp. 
218-220, 1908. 

FirtH, J. (1832-1885). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

Fiscuer, H. L. ( -1886). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

FISCHER, W. G. von (1771-1853). Amyot, M., Ann. Soc. Ent. France, Ser. 3, v. 3, 
pp. 323-325, 1855; Motschulsky, J. = Etudes Ent., v. 4, pp 1-7, 1855. 

Fitcn, A. (1809 1879). A., Can. Ent., 12, pp. 66-67, 1880; A., Ent. News, v. 7, 
p. 65, 1896; A., Nat. C yclop. of hina, Biog., v. 7, p. 252, inet: Fitch-Andrews, 
A. M., P., N. Y. Gean. & Biog. Record, v. 34, pp. 155-158, 1903; Lintner, J. A., 
Psyche, v. 2, pp. 27 3 276, 1879; Riley, C. V., Amer. Ent., v. 3, pp. 121-123, 
1880; Smith, J. B., F ., Pop. Sci. Mo., v. 76, p. 475, 1910; Strecker, H., B., 
Butterflies and Moths of North America, pp. 228-229, 1878; Thurston, E. P., 
P., Pop. Sci. Mo., v. 16, pp. 116-120, 1879; Goding, F. W., P., Trans. N. Y. 
St. Ag. Soc. 50th An. Rept. 1890, pp. 358-361, 1891. 








500 Annals Entomological Society of America |Vol. XXI, 


FitzinGER, L. J. (1802-1884). A., Psyche, v. 4, p. 236, 1884. 
FLETCHER, J. (1852-1908). A., P., Can. Ent., v. 30, pp. 1-2, 1898; A., P., Ent. 


News, v. 19, pp. 445-447, 1908; Bethune, C. J. S., P., Ot} 1 Ann. Rpt. Ent. Soc. 
Ontario, p. 96, 1897; Bethune, C. i — P., 39th Ann. Rpt. Ent. Soc. Ontario, 
pp. 147-149, 1908; Bethune, C. J.5., et al., P., Can. Ent. v. 40, pp. a $37, 
1908; Fisher, S. A., et al., P., Can. Bi n t. v. 42, pp. 285-290, 1910; Gibson, A., 


et al., P., B., Ottawa ouiainen Vv. 22, pp. 189-234, 1909; Howard, L. o., 
39th Ann. Rpt. Ent. Soc. Ontario, pp. 149-150, 1908; Smith, J. B., P., Jour. 
Econ. Ent., v. 1, pp. 408-409, 1908; Smith, J. B., P., Pop. Sci. Mo., v. 76, 
p. $77, 1910. 

Fiour, J. (1837-1896). A., Ent. News, v. 7, p. 192, 1896; ‘‘G. C. C.,’’ Ent. Mo. 
Mag., v. 32, pp. 91-92, 1896; Meldola, R., Trans. Ent. Soc. London 1896, 
(Proc.), pp. xciv-xcv. 

FosTER, S. W. (1884-1923). A., Jour. Econ. Ent., v. 17, p. 162, 1924. 

Foerster, A. (1810-1884). A., Psyche, v. 4, p. 236, 1884. 

Fourcroy, A. F. (1755-1809). Swainson, W., Bib. of Zool., p. 192, 1840. 

Fow_er, W. W. (1849-1923). A., Ent. News, v. 34, pp. 255-256, 1923; ‘‘G. J. A.,’’ 
Ent., v. 56, p. 170, re “J. J. W.,”’ P., Ent. Mo. Mag., v. 59, p. 150, 1923. 

Fox, W. H. ( -1921). .» Proc. Ent. Soc. Wash., v. 23, p. 213, 1921. 

Franck, G. (1839-1923). Bather, W. T., P., Bul. Brooklyn Ent. Soc., v. 19, 
pp. 1-3, 1924. 

FrREY-GESSNER, E. ( -1917). A., Ent. News, v. 29, p. 240, 1918; Gahan, C. ] 
Trans. Ent. Soc. London, 1917, (Proc.), D. Cx. 

Friscu, J. L. (1666-1743). Miall, L. C., Early Naturalists, their lives and work, 
pp. 240-244, 1912; Swainson, W., B., Bib. of Zool., p. 193, 1840. 

FRUEHSTORFER, H. (1863-1922). A., Ent. News, v. 33, p. 256, 1922; ‘‘N. D. R.,”’ 
Ent., v. 55, p. 144, 1922. 

Fucus, C. (1839-1914). A., Ent. News, v. 25, p. 384, 1914; Blaisdell, F. E., P., 
Proc. Calif. Acad. Sci., 4th Ser., v. 8, pp. 27-34, 1918; Blaisdell, F. E., Sci., 
n. s., v. 40, pp. 91-92, 1914; Grinnell, F., Bul. Brooklyn Ent. Soc., v. 9, pp 
72-73, 1914; Leng, C. W., P., Bul. Brooklyn Ent. Soc., v. 9, pp. 73-7 

Futter, A. S. (1828-1896). A., Ent. News, v. 7, p. 192, 1896. 

Fy.es, T. W. (1832-1921). A., 27th Ann. Rpt. Ent. Soc. Ontario, p. 1, 1896; A., 
P., Can. Ent., v. 29, p. 25, 1897; A., Ent. News, v. 33, p. 128, 1922; Bethune, C 
J. S., Can. Ent., v. 53, pp. 262 264, 1921. 


GapDAMER, H. F. R. H. (1818-1885). Dimmock, G., v. 5, p. 35, 1888. 

GANGLBAUER, L. (1856-1912). A., P., Ent. Mo. Mag., v. 48, pp. 217-218, 1912; 
1., Ent. News, v. 23, pp. 435-436, 1912; Morice, F. D., tems. Ent. Soc. London 
1912, (Proc.), pp. clxii-clxiii. 

Geppes, J. G. (1850-1896). <A., P., B., Can. Ent., v. 28, pp. 117-118, 1896; Bethun 
C. j. S, B., 27th Ann. Rpt. Ent. Soc. Ontario, pp. 111-112, 1896. 

Ganmncn. M. (1820-1887). A., Ent. Mo. Mag., v. 24, p. 92, 1887; Dimmock, G., 
Psyche, v. 5, p. 35, 1888. 

GermMakr, E. F. (1766-1853). Fairmaire, L., Ann. Soc. Ent. France, Ser. 3, v. 1, 
pp. 689-696, 1853; Newman, E., Trans. Ent. Soc. London 1852, n. s., v. 2, 
(Proc.), . i- ae Swainson, W., Bib. of Zool., p. 199, 1840. 

GERSTAECKER, C. E. (1828- 1895). A., Ent. Mo. Mag., v. 31, p. 221, 1895; #A., 
Ent. <node v. 6, oe 272, 1895. 

Gisss, A. E. eaeeeshi7), A., Ent. News, v. 28, p. 338, 1917; ‘‘G. T. B.-B.,”’ 
Ent. Mo. Mag., v. 53, pp. 91-92, 1917; ‘‘H. J. T.,’’ Ent. Record, v. 29, pp. 91-92, 
1917; ‘‘H. R.-B.,’’ Ent., v. 50, p. 95, 1917. 

Gipss, L. (1852-1922). ‘A. F. W.,’’ Can. Ent., v. 54, pp. 167-168, 1922. 

GILBERT, (Mrs.) L. F. R. ( -1900). A., Ent. News, 11, p. 484, 1900. 

Git, T. N. (1837-1914). A., Ent. News, v. 25, p. 432 “i914; A., Sci., n. s., v. 40, 
pp. 547-550, 1914; Busck, A., et. al., B., Proc. Ent. Soc. Wash., v. 16, pp 

177-178, 1914. 





1928] Wade: Bibliography of Biographies 501 


Grrarp, M. (1822-1886). A., Ent. Mo. Mag., v. 23, p. 113, 1886; McLachlan, R., 
Trans. Ent. Soc. London 1886, (Proc.), pp. Ixix—Ixx. 

GLANVILLE, M. E. ( -1888). Dimmock, G., Psyche, v. 5, p. 156, 1889. 

Gover, T. (1812-1883). <A., 14th Ann. Rpt. Ent. Soc. Ontario, p. 81, 1883; A., 
Can. Ent., v. 15, p. 178, 1883; Dodge, C. R., Proc. Ent. Soc. Wash., v. 1, p. 60, 
1886, and v. 6, pp. 12-138, 1903; Dodge, C. R., Psyche, v. 4, pp. 115-116, 1883; 
Dodge, C. R., P., B., U.S. Dept. Agr., Div. Ent., Bul. No. 18, pp. 1-68, 1888; 
Smith, J. B., P., Pop. Sci. Mo., v. 76, p. 475, 1910; Strecker, H., B., Butterflies 
and Moths of North America, pp. 229-230, 1878; Walton, W. R., Proc. Ent. 
Soc. Wash., v. 23, pp. 87-89, 1921. 

GMELIN, J. F. (1748-1804). Swainson, W., Bib. of Zool., p. 200, 1840. 

Gopart, J. B. ( -1825). Swainson, W., Bib. of Zool., pp. 201-202, 1840. 

GopMan, F. D. (1834-1919). Autobiography, P., Biologia Centrali-Americana, 
v. 1, pp. 1-12, 1915; Autobiography, P., Jubilee Sup. to Ibis, v. 2, pp. 81-92, 
Mch., 1909; Calvert, P. P., P., Ent. News, v. 30, pp. 121-123, 1919; ““G. C. C.,”” 
P., Ent. Mo. Mag., v. 55, pp. 89-91, 1919; ‘‘G. T. B.-B.,’’ Ent. Record, v. 31, 
pp. 99-100, 1919; ‘‘H. R.-B.,’’ Ent., v. 52, pp. 71-72, 1919; Walsingham, T. 
de G., Ent. Record, v. 31, pp. 173-174,°1919; Walsingham, T. de G., Trans. 
Ent. Soc. London 1919, (Proc.), pp. iii-v. 

GoepartT, J. (1620-1668). Swainson, W., Bib. of Zool., pp. 202-203, 1840. 

Goe.p!, E. A. ( -1917). A., Ent. News, v. 29, p. 80, 1918. 

GorGas, W. C. (1854-1920). A., Military Surgeon, v. 56, pp. 366-370, 1925; A., 
Nat. Hist., v. 20, p. 335, 1920; Gorgas, M. D., and Hendrick, B. J., World’s 
Work, v. 47, pp. 389-398, 503-509, 631-642, 1923; v. 48, pp. 94-103, 1924; Martin, 
F., P., Gorgas Memorial Inst., Chicago, 76 pp. 1924; Noble, R. E., P., Ann. 
Rpt. Smithsn. Inst. 1921, pp. 615-624, 1922; Saunders, W. H., P., 66th Cong., 
3d Sess., Sen. Doc. No. 390, 65 pp., 1921; Siler, J. F., Amer. Jour. Trop. Med., 
v. 2, pp. 161-171, 1922. 

GornaM, H. S. (1839-1920). A., Ent. News, v. 31, p. 210, 1920; ‘‘J. R. le T. B.,”’ 
Ent. Mo. Mag., v. 56, pp. 112-113, 1920. 

GossarpD, H. A. (1868-1925). A., Ent. News, v. 37, p. 64, 1925; Houser, J. S., 
Bimo. Bul. Ohio Agr. Exp. Sta., v. 11, no. 2, p. 1, 1926; Howard, L. O., et al., 
Bimo. Bul. Ohio Agr. Exp. Sta., v. 11, p. 43, 1926; Howard, L. O., et al., P., 
Ann. Ent. Soc. Amer., v. 19, pp. 255-257, 1926; Osborn, H., et al., P., Jour. 
Econ. Ent., v. 19, pp. 194-199, 1926. 

GosseE, P. H. (1810-1888). A., Ent. Mo. Mag., v. 25, pp. 113-114, 1888; Fyles, 
T. W., 19th Ann. Rpt. Ent. Soc. Ontario, p. 37, 1888; Fyles, T. W., 23rd Ann. 
Rpt. Ent. Soc. Ontario, pp. 22-29, 1892; Fyles, T. W., Can. Ent., v. 21, pp. 
17-19, 1889. 

Gowpy, C. C. ( -1928). A., Tropical Agr., v. 5, no. 5, p. 127, May, 1928. 

GounELLE, P. E. (1850-1914). A., Bul. Ent. Soc. France, p. 435, 1914; A., Ent. 
News, v. 26, p. 192, 1915. 

Graer, E. L. (1842-1922). A., Ent. News, v. 33, p. 320, 1922; Engelhardt, G. P., 
P., Bul. Brooklyn Ent. Soc., v. 17, pp. 43-45, 1922. 

GrassI, G. B. (1854-1925). A., Ent. News, v. 36, p. 224, 1925; A., Ent. News, v. 37, 
pp. 127-128, 1926; Masi, L., Bul. Soc. Ent. Ital., v. 57, p. 81, 1925. 

Gray, W. (1827-1896). A., Ent. News, v. 9, p. 32, 1897. 

Grispopi, G.( - ). Invrea, F., Mem. Soc. Ent. Ital., v. 4, pp. 223-228, 1926. 

GrirFituHs, G. C. (1852-1924). A., Ent. News, v. 36, p. 222, 1925; ‘‘C. B.,”’ Ent. 
v. 58, pp. 71-72, 1925. 

GrossBECK, J. A. (1883-1914). A., Ent. News, v. 25, p. 288, 1914; A., Jour. N. Y. 
Ent. Soc., v. 22, p. 175, 1914; Davis, W. T., P., B., Jour. N. Y. Ent. Soc., v. 22, 
pp. 271-275, 1914; Lutz, F. E., Ann. Ent. Soc. Amer., v. 8, p. 101, 1915. 

GRoOsVENOR, G. H. (1880-1912). A., Ent. News, v. 23, p. 436, 1912; A., Ent. Mo. 
Mag., v. 48, pp. 243-244, 1912; “‘H. E.,’’ Ent. Record, v. 24, p. 252, 1912; 
Morice, F. D., Trans. Ent. Soc. London 1912, (Proc.), pp. clxv—clxvi. 








502 Annals Entomological Society of America |Vol. XXI, 


Grote, A. R. (1841-1903). A., 25th Ann. Rpt. Ent. Soc. Ontario, p. 1, 1894; 
Can. Ent., v. 35, P, 294, 1903; A., Ent. Mo. Mag., v. 39, p. 256, 1903; A., Ent. 
News, v. 14, pp. 277-278, 1903; Bethune, C. J. S., 34th Ann. Rpt. Ent. Soc. 
ae PP. 109-112, 1903; Bethune, C. J. S., P., Can. Ent., v. 27, p. 1, 1895; 
et V , B., Al ‘Igemeine Zeitschrift fur E ntomologie, v. 9, pp. 1-6, 1904; 
Graef, EI , Bul. Brooklyn Ent. Soc., v. 9, pp. 47-56, 1914; Milburn, J. G., 
Ent. a v. 24, pp. 182-183, 1913; Smith, j. B., P., Poo. Bei. Mo., vi. %, 
p. 471, 1910; Strecker, H., B., Butterflies and Moths of North America, 
pp. 232-236, 1878. 


GROUVELLE, A. (1843-1917). A., Bul. Ent. Soc. France, pp. 181- 182, —" A., 
Ent. News, v. 29, p. 80, 1918; A., Ent. News, v. 35, p. 303, ee: “SO. 5. A, 
Ent. Mo. Mag., v. 55, p. = 1917. 

GuNDLACH, J. (1810-1896). A., Ent. News, v. 7, p. 128, 1896; Ramsden, C. T., 


P., B., Ent. News, v. 26, _ 241-260, 1915. 


Haas, W. ( - ). A., Ent. News, v. 26, p. 240, 1915. 

HaGeEporN, J. M. (1852-1914). A., Ent. News, v. 26, p. 384, 1915; A., Deutsche 
Ent., Zeit., v. 2, p. 213, 1915. 

HacENn, H. A. (1817-1893). A., Amer. Nat., v. 28, pp. 95-96; 1894; A., Can. Ent., 
v. 25, p. 328, 1893; A., P., Harvard Book, v. 1, pp. 345-346, 1875; A., Insect 
Life, v. 6, pp. 280-281, 1894; A., Psyche, v. 7, p. 35, 1894; Calvert, P. P., P., 
Ent. News, v. 4, pp. 315-317, 1893; Henshaw, S., 25th Ann. Rpt. Ent. Soc. 
Ontario, pp. 122-124, 1894; Henshaw, S., P., Proc. Amer. Acad. Arts & Sciences, 
v. 29, pp. 419-423, 1894; McLachlan, R., Ent. Mo. Mag., v. 30, pp. 18-20, 1894; 
Seidlitz, G. von, P., Deutsche Ent. Zeit., pp. 323-325, 1894; Smith, J. B., 
P., Pop. Sci. Mo., v. 76, pp. 472-473, 1910. 

HALpEeMAN, S. S. (1812-1880).A., Amer. Acad. Arts & Sciences Proc., v. 16, pp. 
456-457, 1881; A., Amer. Nat., v. 14, pp. 755-756, 1880; as ‘an. Ent., v. 12, 
p. 220, 1880; A., P., Ent. News, v. 23, p. 1, 1912; A., P., Nat. Cyclop. Amer. 
Biog., v. 9, p. 246, 1907; A., P., Pop. Sci. Mo., v. 21, pp. 289, 395-401, 1882; 
Brinton, D. G., Amer. Phil. Soc. Proc., v. 19, 1 4 279-285, 1882; Dall, W. H 
Proc. Biol. Soc. Wash., v. 4, pp. 112-113, 1888: Lesley, J. P., Nat. Acad. Sci. 
Biog. Mem., v. 2, pp. 139-172, 1886; Morris, J. G., 12th Ann. ‘Rpt. Ent. Soc. 
Ontario, pp. 14-17, 1881; Morris, J. G., Can. Ent., v. 13, pp. 184-186, 1881; 
Smith, J. B., P., Pop. Sci. Mo., v. 76, p. 469, 1910. 

HALLER, G. ( -1886). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

Hamer, J. (1841-1887). Dimmock, G., Psyche, v. 5, p. 35, 1888. 

Hamitton, J. (1827-1897). A., Ent. Mo. Mag., v. 33, p. 108, 1897; A., P., Ent. 
News, v. 8, pp. 73-74, 1897. 

Hammar, A. G. (1880-1913). A., Ent. News, v. 25, p. 240, 1914; Comstock, J. H., 
et al., Ent. News, v. 24, p. 480, 1913; Quaintance, A. L., Proc. Ent. Soc. Wash., 
v. 16, p. 8, 1914; Riley, W. A., Jour. Econ. Ent., v. 7, pp. 155-157, 1914. 

Hancock, J.-L. (1864-1922). A., New York Times, v. 71, no. 23,424, p. 15, Mch. 13, 
1922; Hebard, M., Ent. News, v. 33, p. 160, 1922. 

HAROLD, E. von ( -1886). A., Ent. Mo. Mag., v. 23, pp. 113-114, 1886; Fairmaire, 
L., Ann. Soc. Ent. France, Ser. 6, v. 7, pp. 47-48, 1887. 

Harrincton, W. H. (1852-1918). A., P., 29th Ann. Rpt. Ent. Soc. Ontario, 
p. 113, 1898; A., P., Can. Ent., v. 31, p. 1, 1899; A., Ent. News, v. 29, p. 320, 
1918; Gibson, A., P., B., Can. Ent., v. 50, pp. 181-187, 292, 1918. 

Harris, M. (1731-1781). Weiss, H. B., Sci. Mo., v. 23, pp. 560-564, 1926. 

Harris, T. W. (1795-1856). A., P., Ent. News, v. 7, p. 1, 1896; A., Proc. Amer. 
Acad. Arts & nog v. 3, pp. 224-225, 1856; A., Proc. Essex Inst., v. 2, 
pp. 2-3, —" oS . P., Bull. Brooklyn Ent. Soc., v. 8, pp. 106-118, 1913; 
Field, W. L. ee v. 17, p. 28, 1910; Grote, A. R., 20th Ann. Rpt. Ent. 
Soc. ae a 75-82, 1889; Hagen, H. A., B., Proc. Boston Soc. Nat. Hist., 
v. 21, pp. 150-152, 1881; McKenzie, A., P., New Eng. Mag., n. s., v. 8, p. 284, 
1893; Morris, J. G., Amer. Jour. Sci. . Arts, v. 1, pp. 24-27, 1846; Scudder, 
S. H., Occasional Papers Boston Soc. Nat. Hist., v. 1, 1869; Scudder, S. H., 





1928] Wade: Bibliography of Biographies 503 


Proc. Boston Soc. Nat. Hist., v. 7, p. 72, 1860; B., v. 7, pp. 213-222, 1860; 
Scudder, S. H., Psyche, v. 6, pp. = 60, 121-124, 137-141, 169- 172, 185-187, 
297-298, 345-346, 357-358, 1891; Smit J. B., P., Pop. Sci. Mo., v. 76, p. 475, 
1910; Strecker, H., B., Butterflies cea Moths of North America, pp. 238-240, 
1878; Wade, J. S., Sci. Mo., v. 23, pp. 152-160, 1926; ‘‘W. L. W. F.,’’ P., Psyche, 
v. 14, p. 67, 1907. 
HARRISON, :A. (1860-1911). A., Ent. News, v. 23, p. 48, 1912; “G. T. P.,”’ Ent. 
Mo. Mag., v. 47, pp. 264-265, 1911; ‘‘H. J. 7., ee Record, v. 23, pp. 282-283, 
1911; Morice, F. D., Trans. Ent. Soc. London 1911, (Proc.), pp. cxxiii-cxxiv. 
Hart, C. A. (1859-1918). Mallock, J. R., Ent. News, v. 29, pp. 157-159, 1918. 
Harvey, F. L. (1850-1900). Calvert, P. P., Ent. News, v. 11, pp. 451-452, 1900. 
Harwoop, W. H. (1840-1917). A., Ent. Mo. Mag., v. 54, pp. 40-41, 1918; A., Ent. 
News, v. 29, p. 240, 1918. 
HAWKSHAW, J. C. (1841-1921). A., Ent. News, v. 32, p. 192, 1921; ‘tH. S.,”’ Ent. 
Mo. Mag., v. 57, p. 94, 1921. 
HawortH, A. H. ( -1833). Swainson, W., Bib. of Zool., p. 385, 1840. 
HAYWARD, R. (1865-1906). A., Ent. News, v. 17, p. 230, 1906; Henshaw, S., P., 
B., Psyche, v. 13, pp. 101-103, 1906. 
HEALEY, J. L. (1864-1926). Wyott, A. K., Ent. News, v. 37, p. 128, 1926. 
Heath, E. F. (1840-1914). ‘‘A. F.,’’ Can. Ent., v. 46, pp. 299-300, 1914. 
Heer, O. (1809-1883). A., Ent. Mo. Mag., v. 20, p. 144, 1883; Scudder, S. H., 
P., Sci., v. 2, pp. 583-586, 1883. 

ZIDEMANN, O. (1842-1916). A., P., Ent. News, v. 28, pp. 1-2, 1917; A., P., 
Psyche, v. 23, pp. 159, 194, 1916; Howard, L. O., P., B., Proc. Ent. Soc. Wash., 
v. 18, pp. 201-205, 1916; Walton, W. R., Proc. Ent. Soc. Wash., v. 23, pp. 94-95, 


3 
7 


H 


1921. 
HEIseR, R. (1839-1905). A., Ent. News, v. 18, p. 112, 1907. 
HeE.uins, J. (1829-1887). A., Ent. Mo. Mag., v. 24, p. 20, 1887. 


HENNEGUY, F. (1850-1928). Howard, L. O., Ent. News, v. 39, p. 136, 1928. 
Hentz, N. M. (1797-1856). A., Nat. Cyclop. Amer. Biog., v. 9, p. 428, 1907; 
Burgess, E., B., Occasional Papers Boston Soc. m at. Hist., v. 2, pp. 5-13, 
1875; Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, pp. 106-108, 1913. 
Hexsst, J. F. W. (1743-1807). Swainson, W., B., Bib. of Zool., p. 213, 1840. 
HERING, C. W. (1802-1887). Dimmock, G., Psyche, v. 5, p. 36, 1888, 
HERRICH-SCHAEFFER, G. A. (1799-1874). A., Amer. Nat., v. 8, p. 447, 1874; A., 
Ent. Mo. Mag., v. 11, p. 20, 1874; Saunders, S. S. Trans. Ent. Soc. London 
1874, (Proc.), p. Xxxv. 
Herrick, E. C. (1811-1862). A., Nat. Cyclop. Amer. Biog., v. 11, p. 170, 1909. 
Hewitson, W. C. (1806-1878). Strecker, H., B., Butterflies and Moths of North 
America, pp. 240-244, 1878. 
zwitT, C. G. (1885-1920). A., Can. Ent., v. 52, p. 96, 1920; A., Ent. Mo. Mag., 
v. 56, p. 93, 1920; A., Ent. News, v. 31, p. 120, 1920; A., P., Nat. Hist., v. 20, 
pp. 109, 202-203, 1920; Gibson, A., et al., P., (B. by Hutchings, C. B.), Can. 
Ent., v. 52, pp. 97-105, 1920; Wheeler, W. M., P., Jour. Econ. Ent., v. 13, 
pp. 262-263, 1920. 
Hitt, W. W. (1833-1888). Dimmock, G., Psyche, v. 5, p. 156, 1889; Smith, J. B., 
Ent. Amer., v. 3, p. 236, 1888. 
HINKLEY, H.( - ). A., Psyche, v. 6, p. 60, 1891. 
Ho__MeR, F. (1820-1885). Dimmock, G., Psyche, v. 5, p. 36, 1888. 
HonratH, E. G. (1837-1894). A., Ent. News, v. 6, p. 32, 1895; Elwes, H. J., Trans. 
Ent. Soc. London 1893, (Proc.), p. lvii. 
Hooke, R. (1635-1703). Miall, L. C., Early Naturalists, their lives and work, 
yp. 135-145, 1912. 
Hooker, C. W. (1883-1913). A., Ent. News, v. 24, p. 192, 1913; Fernald, H. T., 
P., Jour. Econ. Ent., v. 6, pp. 334-335, 1913. 


H 








504 Annals Entomological Society of America |Vol. XXI, 


Hope, F. W. (1797-1862). A., Memorial, (Reprinted from Gentleman’s Magazine, 
no date); Dow, R. P., Bull. Brooklyn Ent. Soc., v. 8, p. 72, 1913; Pettigrew, 
T. J., B., In Thesaurus Entomologicus Oxoniensis, Westwood, J. O., pp. 
XVII-XXIV, 1874; Swainson, W., Bib. of Zool., p. 215, 1840. 

Hoppin, W. (1827-1867). Weiss, H. B., Ent. News, v. 36, pp. 257-262, 1925. 

Horn, G. H. (1840-1897). A., Nat. Cyclop. of Amer. Biog., v. 7, pp. 502-503, 
1897; A., Psyche, v. 8, p. 159-160, 1898; A., Ent. News, v. 9, pp. 1-8, 1898; 
Calvert, P. P., P. Trans. Amer. Ent. Soc., v. 25, pp. 1-24, 1898; Henshaw, S., 
Dimmock’s Sp. Bib. no. 2, pp. 1-6, 1879; Henshaw, S., Trans. Amer. Ent. 
Soc., v. 25, pp. 25-72, 1898; Noland, E. J., Proc. Acad. Nat. Sci., Phila., v. 49, 
pp. 505-510, 515-518, 1897; Smith, J. B., Proc. Acad. Nat. Sci. Phila., v. 49, 
pp. 529-535, 1897; Smith, J. B., Science, n. s., v. 7, pp. 73-77, 1898; Smith, 
J. B., P. Pop. Sci. Mo., v. 76, p. 469, 1910. 

HorniG, J. von ( -1886). Dimmock, G., Psyche, v. 5, p. 36, 1888. 

HouGu, G. DE N. (1861-1903). Aldrich, J. M., P., B., Ent. News, v. 14, pp. 
245-248, 1903. 

How ett, F. M. (1877-1920). A., Ent. News, v. 32, p. 64, 1921; ‘‘H. S.,’’ Ent. 
Mo. Mag., v. 56, pp. 234, 262, 1920. 

HvusparpD, H. G. (1850-1899). Schwarz, E. A., et al., P., B., Proc. Ent. Soc. 
Wash., v. 4, pp. 350-360, 1901; Smith, J. B., P., Ent. News, v. 10, pp. 80-83, 
1899; ‘‘T. H. P.,’’ Can. Ent., v. 31, p. 72, 1899. 

Huser, F. (1750-1831). Herrick, S. B., P., Pop. Sci. Mo., v. 6, p. 385, 486-498, 
1875; Jardine, W., P., Nat. Libr., v. 6, pp. 17-70, 1858; Swainson, W., Bib. of 
Zool., pp. 216-218, 1840. 

Huser, J. (1868-1914). A., Ent. News, v. 25, p. 288, 1914. 

Hupp, A. E. (1845-1920). A., Ent. News, v. 32, p. 64, 1921; Griffiths, G. C., Ent. 
Mo. Mag., v. 56, pp. 262-263, 1920; ‘‘H. J. T.,’’ Ent. Record, v. 32, p. 216, 
1920. 

Hutst, G. D. (1846-1900). Smith, J. B., P., Ent. News, v. 11, pp. 613-615, 1900; 
Smith, J. B., P., Pop. Sci. Mo., v. 76, p. 472, 1910. 

Hunter, W. D. (1875-1925). A., Ent. News, v. 37, p. 32, 1926; A., Neb. Alumnus, 
v. 21, pp. 377-378, 1925; Howard, L. O., et al., P., Ann. Ent. Soc. Amer., v. 19, 
pp. 257-258, 1926; Howard, L. O., P., Jour. Econ. Ent., v. 18, pp. 844-848, 
1925; Howard, L. O., P., B., Proc. Ent. Soc. Wash., v. 27, pp. 169-181, 1925; 
Howard, L. O., Sci., n. s., v. 62, p. 430, 1925; Howard, L. O., P., Semi-Weekly 
Farm News, Dallas, Tex., p. 12, Dec. 1, 1925; Marlatt, C. L., U. S. Dept. 
Agr., Fed. Hort. Board, Serv. and Reg. Announcements No. 85, October- 
December, 1925, pp. 1-2, 1926. 

Hyatt, A. (1838-1902). Benjamin, M., P., Harper’s Weekly, v. 34, pp. 925-926, 
1890; Brooks, W. K., B., Nat. Acad. Sci., Biog. Mem., v. 6, pp. 311, 325, 1909; 
Crosby, W. O., B., Bul. Geol. Soc. Amer., v. 14, pp. 504-512, 1903; Dall, W. H., 
P., Pop. Sci. Mo., v. 60, pp. 439-441, 1902; Henshaw, S., Sci., n. s., v. 15, 
pp. 300-302, 1902; Mayer, A. G., Pop. Sci. Mo., v. 78, pp. 129-146, 1911; 
Packard, A., Jr., Proc. Amer. Acad. Arts & Sci., v. 38, pp. 715-727, 1903; 
Putnam, F. W., et al., Proc. Boston Soc. Nat. Hist., v. 30, pp. 413-433, 1902; 
Stanton, T. W., Proc. Wash. Acad. Sci. 1903, v. 5, pp. 389-391, 1904; Tarr, 
R. S., P., Pop. Sci. Mo., -v. 28, pp. 145, 261-267, 1885; Zirngiebel, F., P., Pop. 
Sci. Mo., v. 55, p. 451, 1899. 

Hyatt, J. (1817-1904). Schoonhoven, J. J., Sci., n. s., v. 19, pp. 635-636, 1904. 


ItcHEFF, M.D. ( - ). A., Ent. News, v. 36, p. 224, 1925; Graves, P. P., Ent., 
v. 58, p. 128, 1925. 


JAEGER, B. (1789-1869). Calvert, P. P., Ent. News, v. 33, p. 252, 1922; Weiss, 
H. B., Ent. News, v. 36, pp. 257-262, 1925; Weiss, H. B., Proc. N. J. Hist. 
Soc., n. s., v. 7, pp. 196-207, 1922. 

Janson, E. W. (1822-1891). A., Ent. News, v. 2, p. 188, 1891. 

Janson, O. E. (1850-1926). A., P., Ent. Mo. Mag., v. 63, pp. 15-16, 1927. 

Jayne, H. (1859-1913). ‘‘P. P. C.,”’ P., Ent. News, v. 24, pp. 383-384, 1913. 





1928] Wade: Bibliography of Biographies 505 


—_ s, A. H. (1866-1918 Pierce, W. D., et al., P., B., Proc. Ent. Soc. Wash., 
ah. PP. 61-63, 1919. 


pot » (1836-1920). ‘‘H.S.,’’ Ent. News, v. 32, pp. 63-64, 1921. 

JOHNSON, O. B. (1848-1917). A., Ent. News, v. 28, p. 338, 1917; A., Sci., n.s., v. 45, 
p. 360, 1917. ; 

Jounson, W. G. (1866-1908 A., Ent. News, v. 19, p. 242, 1908; Felt, E. P., et al., 
P., Jour. Econ. Ent., v. 1, pp. 163-164, 1908. 

Jones, A. H. ( -1924). A., Ent. News, v. 35, p. 263, 1924; Green, E. E., Trans. 
Ent. Soc. London 1924, (Proc.), 1 clxi. 

JouTe., L. H. (1858-1916). Davis, W. T., P., B., Jour. N. Y. Ent. Soc., v. 24, 


pp. 239-243, 1916. 
Juxicu, W. (1839-1893). A., Ent. News, v. 5, p. 32, 1894; ‘‘T. L. C.”’ Psyche, v. 
7, p. 36, 1894. 


KANE, W. F. DE V. (1840-1918). A., Ent. News, v. 30, p. 209, 1919; Gardner, W., 
Ent. Mo. Mag. v. 54, pp. 254-255, 1918; “‘H. R. B.”’ Ent., v. 51, p. 240, 1918. 

Kearrott, W. D. (1864-1917). A., P., B., Ent. News, v. 29, pp. 1-3, 1918; Gibson, 
A., B., Can. Ent. v. 50, pp. 71-72, 1918; Skinner, H., Pl. B., Ent. News, v. 29, 
pp. 1-3, 1918. 

KELLER, G. J. (1873-1926). Buchholz, O., Jour. N. Y. Ent. Soc. v. 34, p. 293, 1926. 

KeE.ticott, D. S. (1842-1898). A., Ent. News, v. 9, p. 128, 1898; A., Nat. Cyclop 
of Amer. Biog., v. 13, pp. 299-300, 1906; Calvert, P. P., Ent. News, v. 9, p. 
160, 1898; Webster, F. M., 29th An. Rpt. Ent. Soc. Ont. p. 105-106, 1898; 
Webster, F. M., Can. Ent. v. 30, pp. 166-167, 1898. 

KERREMANS, M. C. (1847-1915). Fenyes, A., Ent. News, v. 27, p. 48, 1916. 

KERTEsSZ, K. (1867-1922). Cresson, E. T. Jr., Ent. News, v. 34, p. 128, 1923. 

KierFeEr, J. J. (1856-1925). A., Ent. News, v. 37, p. 280, 1926; ‘‘F. W. E.,’’ Ent. 
Mo. Mag., v. 62, pp. 44-45, 1926; Travares, J. da S., Broteria, Serie Zoologica, 

. 23, no. 3, pp. 126-148, 1926. 

KING, G. B. (1848-1916). Fernald, H. T., Jour. Econ. Ent., v. 9, p. 512, 1916. 

KInG, V. (1886-1918). A., Can. Ent., v. 50, p. 314, 1918; A., Ent. News, v. 27, 
p. 400, 1918; A., Jour. Econ. Ent., v. 11, pp. 390-391, 1918. 

Kirsy, W. (1759-1850). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, pp. 68-74, 
— Freeman, J., P., (B., by Longman), Life of Kirby, 1852; Morris, FP. J. A., 

Can. Ent., v. 47, pp. 384-386, 1915; Spence, W., B., Trans. Ent. Soc. London 
1850, (Proc.) pp. 19-33; Strecker, H., B., Butterflies and Moths of North 
America, p. 247, 1878; Swainson, W., B., Bib. of Zool., p. 225, 1840. 

Kirby, - F. (1844-1912). A., Ent. Mo. Mag., v. 49, pp. 19-20, 1913; ‘tH. S.,” 
et al., Ent. News, v. 24, pp. 93-96, 1913; Morice, F. D., Trans. Ent. Soc. London 
1912 ,, '(Proc. ) pp. elxvi-clxviii; Rowland-Brown, H., Ent., v. 45, pp. 351-352, 
1912: “W. E. K.,’’ P., Ent. Record, v. 24, pp. 314-317, 1912. 

KIrRKALDY, G. W. (1873-1910). Bueno, J. R. T. de la Torre, Ent. News, v. 21, 
pp. 240-242, 1910; Bueno, J. R. T. de la Torre, Can. Ent., v. 42, pp. 97-99, 
1910; Dixey, F. A., Trans. Ent. Soc. London 1910, (Proc.) pp. Ixxxvi-lxxxvii; 
Terry, F. W., et al., Ent. News, v. 21, pp. 287-289, 1910; Terry, F. W., Proc. 
Ent. Soc. Wash., v. 1, pp. 111-113, 1910. 

KIRTLAND, J. P. (1793-1877). A., Amer., Nat., v, 12, p. 198, 1878; A., 9th Ann. 
7” Ent. Soc. Ontario, pp. 23-24, _ 8; A., Can. Ent., v. 10, pp. 30-32, 1878 

P., Nat. Cyclop. Amer. Biog., 11, pp. 347-348, 1909; Strecker, H., B., 
Sn rflies and Moths of North denatan pp. 247-248, 1878 

Kuaces, E. (1835-1919). Klages, E. A., Ent. News, v. 30, p. 180, 1919. 

KLAGEs, F. W. (1859-1886). A., Ent. Amer., v. 2, p. 56, 1886. 

KLEIN, J. T. (1846-1904). ‘‘H. H. A.,’’ Ent. News, v. 15, p. 352, 1904. 

KnaB, F. (1865-1918). A., Ent. News, v. 29, p. 400, 1918; Caudell, A. N., et al., 
P., B., Proc. a Soc. Wash., v. 21, pp. 41-52, 1919; Howard, L. O., Jour. 
Econ. Ent., v. 11, pp. 484- - 1918. 

Knaacs, H. G. (i832. 1908). A., Ent. Record, v. 20, p. 48, 1908; ‘‘J. J. W.,’’ P., 
Ent. Mo. Mag., v. 41, pp. 6°51, 1908. 

Kosert, R. (1854- 1918). A., Sci., n. s., v. 49, p. 539, 1919. 

KoeEBELE, A. (1852 4 Howard, L. O., P., Jour. Econ. Ent., v. 18, pp. 556-562, 
1925; abe L. O., Mo. Let. Bur. Ent., Dept. Agr., No. 131, pp. 1-2 (mimeo- 
graphed), 1925; Perkins, R. C. L., Hawaiian Planter’s Record, v. 29, pp. 





506 Annals Entomological Society of America |Vol. XXI, 


359-364, 1925; Swezey, O. H., P., Hawaiian Planter’s Record, v. 29, pp. 364-368, 
1925; Van Duzee, E. P., Proc. Calif. Acad. Sci., Rpt. Dir. of Mus., 4th Ser., 
v. 15, pp. 530-532, 1926. 

Kou, F. F. (1851-1925). A., Ent. News, v. 37, pp. 31-32, 1926; Maidl., F., B., 
Ann. Naturhist. Mus., Wien, v. 38, pp. 174-179, 1925; Maid], F., P., B., Kono- 
wia, v. 4, pp. 89-96, Mch. 15, 1925. 

Konow, F. W. ( -1908). A., Ent. News, v. 19, p. 348, 1908. 

Koons, B. F. (1844-1903). A., Ent. News, v. 15, p. 112, 1904. 

Korue, A. (1828-1885). Dimmock, G., Psyche, v. 5, p. 36, 1888. 

KowarzZ, F. (1838-1914). A., Ent. News, v. 26, p. 240, 1915; Becker, T., Deutsch. 
Ent., Zeitschr., no. 1, pp. 1-3, 1915. 

KRAEPELIN, K. (1848-1915). A., Ent. News, v. 27, pp. 382-383, 1916. 

KRIECHBAUMER, J. (1819-1902). A., Ent. Mo. Mag., v. 38, pp. 288-289, 1902; 
A., Ent. News, v. 13, p. 266, 1902; Fowler, W. W., Trans. Ent. Soc. London 
1902, (Proc.) p. lix. 

KUNCKEL, J. D’HERCcuLAIS (1843-1918). A., Bul. Soc. Ent. France, p. 265, 1919; 
A., Ent. News, v. 30, p. 210, 1919; A., Psyche, v. 6, p. 100, 1891. 

KurpiumorF, N. V. (1882-1917). Borodin, D., B., Jour. Econ. Ent., v. 14, pp. 
377-378, 1921. 

KuwayaMa, S. ( -1912). Patch, E. M., Ent. News, v. 23, p. 288, 1912. 


LAMBIN, C. (1822-1885). Dimmock, G., Psyche, v. 5, p. 36, 1888. 

Lampa, S. (1839-1914). A., Ent. News, v. 27, p. 384, 1916; Boving, A., Jour. Econ. 
Ent., v. 9, p..242, 1916. 

Lantz, D. E. (1855-1918). A., Ent. News, v. 29, p. 400, 1918. 

Leacu, W. E. (1790-1836). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, p. 74, 1913. 

LeBaron, W. (1814-1876). A., Amer. Nat., v. 11, p. 56, 1877; Forbes, S. A., 
B., 17th Ann. Rpt. Ill. State Ent., pp. 1-36, 1891; Goding, F. W., Ent. Amer., 
v. 1, pp. 122-125, 1885; Smith, J. B., P., Pop. Sci. Mo., v. 76, p. 476, 1910; 
Goding, F. W., P., Ill. St. Hort. Soc. Trans., v. 20, pp. 176-178, 1885. 

LEConrTE, J. (1818-1891). A., Amer. Jour. Sci., ser. 3, v. 41, pp. 525-526, 1891; 
A., P., Nat. Cyclop. Amer. Biog., v. 7, pp. 228-229, 1897; Hittel, T. H., et al., 
Proc. Calif. Acad. Sci:, ser. 2, v. 3, pp. 361-363, 1893; Stevens, W. leC., P., 
Pop. Sci. Mo., v. 36, pp. 1, 112-120, 1889. 

LEContTE, J. E. (1784-1860). A., Amer. Jour. Sci., ser. 2, v. 31, pp. 303, 462-463, 
1861; A., Ent. News, v. 22, pp. 276-277, 1911; Barnhart, J. H., Amer. Midland 
Nat., Notre Dame, Ind., v. 5, pp. 135-138, 1917; Graham, M., et al., Pittonia, 
v. 1, pp. 303-311, 1889; Gray, A., Bot. Gaz., v. 8, pp. 197-199, 1883; Harsh- 
berger, J., Botanists of Phila., pp. 149-151, 1899; Strecker, H., Butterflies 
and Moths of North America, p. 211, 1878. 

“ONTE, J. L. (1825-1883). A., 14th Ann. Rpt. Ent. Soc. Ontario, p. 83, 1883; 
A., Can. Ent., v. 15, pp. 217-218, 1883; A., P., Ent. News, v. 4, p. 185, 1893; 
A., P., Pop. Sci. Mo., v. 5, p. 513, 1874; A., Proc. Amer. Acad. Arts and Sci., 
v. 19, pp. 511-516, 1884; Benjamin, M., Proc. Amer. Assoc. Adv. Sci., v. 48, 
pp. 450-452, 1899; Benjamin, M., Sci., n. s., v. 10, pp. 761-762, 1899; Dow, R. P., 
Jour. N. Y. Ent. Soc., v. 22, pp. 185-191, 1914; Edwards, H., Papilio, v. 3, 
pp. 168-169, 1883; Henshaw, S., Dimmock’s Sp. Bib. No. 1, pp. 1-11, 1878; 
Horn, G. H. et al., Proc. Amer. Phil. Soc., v. 21, pp. 290-299, 1884; Horn, 
G. H., P., Sci., v. 2, pp. 783-786, 1883; Lesley, J. P., et al., Proc. Amer. Phi- 
losoph. Soc., v. 21, p. 290, 1884; McLachlin, R., Nature, v. 29, p. 128, 1883-84; 
Parry, C. C., Proc. Davenport Acad. Sci., v. 4, pp. 229-230, 1885; Riley, 
C. V., Psyche, v. 4, pp. 107-110, 1883; Schaupp, F. G., P., B., Bul. Brooklyn 
Ent. Soc., v. 6, pp. 1-9, 1884; Scudder, S. H., Nat. Acad. Sci. Biog. Mem., 
v. 2, pp. 261-293, 1886; Scudder, S. H., P., Trans. Amer. Ent. Soc., v. 11, 

28 pp., 1884; Sharp, D., Ent. Mo. Mag., v. 20, pp. 191-192, 1884; Smith, 
J. B., P., Pop. Sci. Mo., v. 76, p. 469, 1910; True, F. W., Hist. First Half Cent. 
Nat. Acad. Sci., pp. 156-158, 1913. 

LEDERER, J. ( -1870). Strecker, H., B., Butterflies and Moths of North America, 
p. 248, 1878. 

LEEUWENHOEK, A. VAN (1632-1723). Becking, L. B., P., Sci. Mo., v. 18, pp. 
547-554, 1924; Miall, L. C., Early Naturalists, their lives and work, pp. 290-223, 
1912. 





1928} Wade: 


Lerroy, H. M. (1877-1925). A., 
v. 61, pp. 259-260, 1925; A., 
Trop. Agr., Trinidad, 
848-849, 1925. 

Leipy, J. (1823-1891). A., 
Amer. Nat., 
B. C., Sei... m. 8, 
809-814, 1913; Morse, E. 
P., Pop. Sci. Mo., v. 17 
Nat. Sci. Phila., 1923, with Ay 

— RT, J. B. (1840-1896). 

Can. Ent., v. 28, pp. 217- 

LEONARDI, G. (1869-1918). 

LEUCKART, R. (1822-1898). 

LICHTENSTEIN, W. A. J. 
McLachlan, R., Trans. Ent. 
V., B., Ann. Soc. Ent. France, 

LIEGEL, E. (1859-1894). <A., Ent. 

Lincecum, G. ( -1874). A., 

LINELL, M. L. (1849-1897). 
Schwarz, E. A., B., Proc. 

LINTNER, J. A. 
Ent., v. 31, pp. 
Py fi Nat. Cyclop. Amer. Biog., 
State Mus., v. 5, no. 24, pp. 
p. 63, 1894; Slingerland, M. V., 
1898; Slingerland, M. V., Can 
P., Pop. Sci. Mo., v. 76, p. 
Soc. 50th An. Rept. 1890, 

LisTtER, M. (1638-1712). 

pp. 130-134, 1912; Swainson, 

LITHIERRY, L. F 

LOCHHEAD, W. (iste 1987), A, 

Locy, W. A. (1857-1924). 

Logs, J. (1859-1924). A., 
Sci., n. s., v. 59, pp. 

Loew, H. (1807-1878). A. 
Ent. Zeit., pp. 419-421, 
in entomology, 204 pp., 

LoGaN, R. F. (1827-1887) ; 

LocEs, J. D. (1835- 1913). A., 

LonGstaFF, G. B. (1848-1921). 
1921. 

Loomis, H. (1839-1920). 

Lorquin, P. J. M. (Cir. 
5th ser., v. 3, pp. 5-10, 

Lovett, A. L. (1885-1924). 
pp. 355-356, 
Dean, G. A., 

Lowe, V. H. (1869-1903). 
An. Mtg. p. 20, 1904. 

LupLow, C. S. (1852-1924). A., 
Calvert, P. P., Ent. News, 

LuGcer, O. ew Mes 
Howard, L. Ent. 
n. s., v. 13, ae 950- 981, 

LyMAN, H. > (1854-1914). A. 
et al., P., Ann. Ent. Soc. 
P., 30th Ann. Rpt. Ent. Soc. 
45th Ann. Rpt. Ent. Soc. Ont 
B., Can. Ent., 
1914; Hewitt, 


Amer. 


218, 


oor 
Ent. 


174-175, 1898; 


Ent. 
427-430, 


1903. 


1., Ent. 


Vv. 


32d 


1901. 
is 


C. G., P., 45th 


Bibliography of Biographies 


Ent., 
Ent. 
v. 3, p. 9, 


Jour. Sci., 
v. 25, pp. 408-410, 1891; A., 
v. 26, pp. 812-815, 
S., Se 
, pp. 684- 
ypendix, v. 
1., Ent. 


Silvestri, 
KELLOGG, 
(1818-1886). A., 
Soc. 


News, v. 
Amer. Nat., 
E. ¢€”’ 


(1822-1898). A., P 
A., P., Ent. News, v. 


301-400, 


477, 
pp. 
Miall, L. ¢ 
W., 
(1830-1894). A., 
P., 
Calvert, 
News, v 


1., Ent. Mo. Mag., v. 
1879; Osten-Sacken, C. R., F 


A., Ent. Mo. Mag., 
Ent. 
Pe ie Ey 


1800-1877). 
1873; Grinnell, 
Chamberlin, 
1924; Chamberlin, 
Jour. Econ. Ent., 
Jordan, W. 


Jour. Wash. 


News, 


Amer., v. 
Ontario, 
ario, 
v. 46, pp. 221-226, 1914; ** 
Ann. Rpt. Ent. Soc. 


507 


v. 58, pp. 279-280, 1925; A., Ent. Mo. Mag., 
News, v. 37, pp. 94-95, 1938: Ballou, H. A., 
1926; Felt, E. P., Jour. Econ. Ent., v. 18, pp. 
ser. 3, v. 41, pp. 523-525, 1891; A., 
Ent. News, v. 2, p. 128, 1891; Chapman, 
1907; Minot, C. S. » DEl., Te Bay Ve Sts OD. 
i. Mo., v. 18, pp. 422-432, 1924: Nolan, E. Vas 
691, 1880; Ward, H. B., et al., P., Proc. Acad. 
75, pp. 1-87, 1924. 
News, v. 7, p. 224, 1896; q. 


Bethune, Jet 


1896. 


F., Ent. News, v. 
V. L., Psyche, 
Ent. Mo. 
London 1886, 
ser. 6, v. 7, pp. 49-58, 1887. 
5, p. 160, 1894. 
v. 9, p. 191, 1875. 
Ent. News, v. 8, pp. 159-160, 
Soc. Wash., v. 4, pp. 177-180, 1901. 
Albany Evening Jour., v. 57, p. 3, 1886; 
9, pp. 129-130, 1898; 
v. 5, p. 260, 1907; Felt, = Pep Dee Sees We 
1899; Howard, L. Insect Life, v. 7, 
29th Ann. Rpt. Ent. Soc. Ontario, pp. 106- “1077 
Ent., v. 30, pp. 165-166, 1898; Smith, J. B., 
1910; Goding, F. W., P., Trans. N. Y. St. Ag. 
361-363, 1891. 

Early Naturalists, their lives and work, 
Bib. of Zool., pp. 254-256, 1840. 
Ent. News, v. 5, p. 236, 1894. 

Jour. Ec. Ent., v. 21, p. 238, 1928. 
P. P., Ent. News, v. 35, p. 380, 1924. 
35, pp. 142-143, 1924; Levene, 


360, 1918. 
214-215, 1898. 

23, p. 216, 1887; 
Ixvi-lxvii; Mayet, 


29, p. 
v. 8, pp. 
Mag., v. 
(Proc. ) pp. 


1897; 


As, 
his 


P: As 
1924. 

16, p. 46, 1879; Krause, E., Deutsch. 
, Record of my life work 


v. 24, pp. 92-93, 1887. 
48, 1914. 
, Ent. Mo. Mag., 


News, v. 25, P. 


et al v. 57, 159-160, 
News, v. 31, p. 240, 1920. 
oe al, J. A., Ann. Soc. 
» Ent. News, v. 15, pp. 
W. 4 , Ann. Ent. Soc. 
W. a Ent. Ne WS, V. 30, pp. 
v. 17, pp. 421-422, 1924. 
i P., Soc. Prom. 


Ent. France, 
202-204, 1904. 
Amer., v. 17, 
263-264, 1924; 
Ag. Sci. Proc. 25th 
Acad. Sci., 
379-380, 1924. 
Rpt. Ent. Soc. 
222-224, 


pp. 2 


Can. Ent., v. 32, 


v. 14, no. 17, p. 418. 1924; 
30, pp. 
Ann. 

v. 12, 


1901; 
» SCi. 


Ontario, p. 125, 
1901; Howard, L. O 


pp. 1-2, 1900; Bethune, C. J. S. 
8, pp. 100-101, 1915; Bethune, C. J. S. 
p. 123, 1899; Bethune, C. J. S., P., 
118-121, 1914; Bethune, C. J. Si. 
H. S.,’’ Ent. News, v. 25, pp. 335-5 
Ontario, p. 28-29, 191 : 


Pp- 











508 Annals Entomological Society of America |Vol. XXI, 


LYONET, P. (1707-1789). Locy, W. A., Biology and its makers, 3d ed., pp. 89-95, 
1915; Miall, L. C., Early Naturalists, their lives and work, pp. 291-293, 1912; 
Swainson, W., Bib. of Zool., pp. 256-257, 1840. 


McConneELL, W. R. (1881-1920). A., Ent. News, v. 31, p. 239, 1920; Walton, 
W. R., Jour. Econ. Ent., v. 13, pp. 371-373, 1920. 

McCook, H. C. (1837-1911). Calvert, P. P., P., Ent. News. v 22, pp. 433-438, 
1911; Hunter, W. H., P., Ohio Archeol. & Hist. Pub., v. 6, p. 109, 1898; Skinner, 
H., et al., P., Ann. Ent. Soc. Amer., v. 5, p. 73, 1912. 

McGILiivray, A. D. (1868-1924). A., P., Ann. Ent. Soc. Amer., v. 17, p. 233, 1924; 
A., Ent. News, v. 35, p. 190, 1924; Comstock, J. H., Sci., n. s., v. 59, p. 503 
1924; Riley, W. A., Ent. News, v. 35, pp. 224-228, 1924. 

McLacu.an, R. (1837-1904). ‘‘A. E. E.”’ and ‘‘E. S.,’’ Ent. Mo. Mag., v. 40, pp. 
145-148, 1904; A., Ent. Record, v. 16, p. 217, 1904; Autobiography, Trans. Ent. 
Soc. London 1886, (Proc.) pp. 1xxxi-]xxxiii; ‘‘K. J. M.,’’ Ann. Scot. Nat. Hist., 
no. 52, pp. 201-203, Oct., 1904; ‘‘P. P. C.,’’ P., Ent. News, v. 15, pp. 226-228, 
1904; Poulton, E. B., Trans. Ent. Soc. London 1904, (Proc.) pp. xxxviii, xevi- 


xcvili; ‘‘W. F. K.,’’ Nature, v. 70, p. 106, 1904; “‘W. J. L.,’” Ent., v. 37, pp. 
195-196, 1904. 

McLemore, J. A.( - ). Cockerham, K. L., Jour. Econ. Ent., v. 19, pp. 418-419, 
1926. 


MaaseEn, P. (1810-1890). A., Ent. News, v. 1, p. 146, 1890; ‘‘W. F. K.,’’ Ent. 
Mo. Mag., v. 26, p. 273, 1890. 

MaBILLE, M. P. (1835-1923). A., Ent. News, v. 34, p. 256, 1923. 

MACcLoskKIE, G. (1834-1920). A., B., Ent. News, v. 31, pp. 89-90, 1920. 

MAcLuRE, WM. (1763-1840). Morton, S. G., P., B., Memoir Acad. Nat. Sci. 
Phila. 1841, (Published by direction of the Acad.). 

MaGerettTl, P. ( -1913). A., Ent. News, v. 24, p. 432, 1913. 

MavpicuHi, M. (1628-1694). Locy, W. A., B., Biology and its makers, 3d ed., 
pp. 58-67, 202-205, 1915; Miall, L. C., Early Naturalists, their lives and work, 
pp. 145-166, 1912. 

Many, B. P. (1848-1926). A., Ent. News, v. 37, p. 192, 1926; A., P., Psyche, v. 33, 
p. 172, 1926; A., Wash. Post, Mch. 24, 1926. 

MANNERHEIM, C. G. von (1804-1854). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 9, 
pp. 98-99, 1914; Newman, E., Proc. Ent. Soc. London, n. s., v. 3, p. 54, 1854; 
Swainson, W., B., Bib. of Zool., p. 258, 1840. 

Manson, P. (1844-1922). Calvert, P. P., Ent. News, v. 33, p. 159, 1922; ‘‘W. M. 
K.,’’ U. S. Naval Med. Bul., v. 17, pp. 269-272, 1922. 

MarKEL, A. (1837-1897. Dietz, O., Ent. News, v. 8, p. 184, 1897. 

MArscCHALL, A. F. (1804-1887). Dimmock, G., Psyche, v. 5, p. 156, 1889. 

MarsH, H. O. (1885-1918). Craighead, F. C., B., Jour. Econ. Ent., v. 11, pp. 
438-439, 1918; Fullaway, D. T., and Swezey, O. H., Proc. Haw. Ent. Soc., 
1919, v. 4, no. 2, pp. 235-236, 1920. 

MartIn, R. (1846-1925). Berland, L., B., Ann. Soc. Ent. France, v. 96, pp. 27-30, 
1927; Calvert, P. P., P., Ent. News, v. 38, pp. 197-205, 1927. 

MARTINDALE, I. C. (1842-1893). A., P., Ent. News, v. 4, pp. 37-38, 1893. 
MartTyYN, T. (1735-1825). Strecker, H., B., Butterflies and Moths of North 
America, p. 253, 1878; Weiss, H. B., Amer. Collector, v. 3, pp. 57-62, 1926. 
Marx, G. (1838-1895). A., Ent. News, v. 6, p. 64, 1895; Riley, C. V., et al., P., 

Proc. Ent. Soc. Wash., v. 3, pp. 195-197, 1896. 

MASKELL, W. M. (1840-1898). A., Ent., v. 31, p. 176, 1898; A., Trans. New 
Zealand Inst., v. 31, pp. 708-709, 1898. 

Mason, F. W. (1881-1927). Nicolay, A. S., et al., Ent. News, v. 39, pp. 102-104, 
1928. 

Masters, G. (1837-1912). A., Ent. Mo. Mag., v. 48, pp. 219-220, 1912; A., Ent. 
News, v. 23, p. 436, 1912. 

Matauscu, I. (1859-1915). A., Ent. News, v. 27, p. 384, 1916; Miner, R. W., B., 
Jour. N. Y. Ent. Soc., v. 24, pp. 155-157, 1916. 

MatTHEws, A. (1815-1897). A., Ent. News, v. 8, p. 256, 1897; Trimen, R., Trans. 
Ent. Soc. London, 1897, (Proc.), p. Ixxiii; ‘‘W. W. F.,’’ Ent. Mo. Mag., v. 33, 
pp. 258-260, 1897. 

Mawson, G. ( -1884). Dimmock, G., Psyche, v. 4, p. 266, 1885. 








1928] Wade: Bibliography of Biographies 509 


Mayr, G. (1830-1908). A., Ent. New S, V. 19 Pp. 396, 1908; Dalla-Torre, K. W., 
P., B., Wiener Ent. Zeitung, v. 27, pp. 255-271, 1908; Kohl, F. F., P., B., Ver- 
han . ung ren K. K. Zool. Bot., Gesellsc haft, Wien, 1908, v. 58, pt. 10, pp. 
512-! Jan., 1909. 

MEADE, "y (1814-1899). A., Ent. News, v. 11, p. 412, 1900; McLachlan, R 
Ente} ‘Mo. oa v. 36, pp. 46-47, 1900. 

MEADE, WALDO G. (1884-1916). A., Ent., v. 49, pp. 95-96, 1916; A., Ent. Mo. Mag., 
V. pp. 117-118, 1916; A., Ent. a v. 27, p. 382, 1916; “‘G. W.,”’ Ent. 
Record, v. 28, p. 96, 1916; Hewitt, C. G., Can. em v. 48, p. 196, 1916. 

ME.LpDOoLa, R. (1849-1915). A., Ent. Mo. Ag v. 52, p. 21, 1916; A., Ent. News, 
v. 27, pp. 46-47, 1916; ‘‘W. L. D.,’’ Ent., v. 49, pp. 2 23-24, 1916. 

MELICHAR, L. (1856-1924). A., Ent. News, v. 36, p. 224, 1925; “‘W. E. C.,’’ Ent. 
Mo. Mag., v. 60, p. 263, 1924. 

MELSHEIMER, F. E. (1782-1873). A., Can. Ent., v. 6, pp. 39-40, 1874; A., Le 
Naturaliste Canadien, v. 6, pp. 19-20, 1874; LeConte, J. L., Proc. Acad. Nat. 
Sci., Phila., v. 25, pp. 257-258, 1873; Mann. B. P., Proc. Ent. Soc., Wash 
v. 1, pp. 60-61, 1886; Morris, J. G., Amer. Jour. Sci., ser. 2, v. 1, p. 19, 1846; 
Smith, J. B., Pop. Sci. Mo., v. 76, p. 469, 1910. 

ELSHEIMER, F. V. (1749-1814). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, 
pp. 52, 114-115, 1913; Hagen, H. A., Can. Ent., v. 16, pp. 191-197, 1884; Knoch, 
\. W., Neue Beitraege Zur Insectenkunde, p. 18, is01: Morris, J. G., Amer. 


? 


h 


Jour. Sci., ser. 2, v. 1, pp. 18-19, 1846; Prowell, G. R., Proc. and Coll. Hist. 
Soc. York Co., Penna., (paper read Apr. 8, 1897), v. 1, no. 2, pp. 17-26, 1903; 
Schwarz, E. A., Proc. Ent. Soc. Wash., v. 3, pp. 134-138, 1894. 

MELSHEIMER, J. F. (17802-1829). “aoe W. J., Ent. News, v. 12, pp. 110-113, 
138-141, 173-177, 203-205, 233-236, 281-283, 314-316, 1901; v. 13, pp. 9-11, 


38-40, 1902. 

Merian, M. S. (1647-1717). Strecker, H., B., Butterflies - Moths of Ne rth 
\merica, pp. 254-255, 1878; Swainson, W., B., Bib. of Zool., pp. 272- 1840. 

MErRIcK, F. A. (1844-1912). A., Can. Ent., v. 45, p. 170, 1913 3; ees ‘l, “A Ent. 
News, v. 24, p. 144, 1913. 

Merrick, H. D. (1869-1907). A., Ent. News, v. 18, p. 320, 1907. 

MERRIFIELD, F. (1831-1924). A., Ent. Mo. Mag., v. 60, p. 156, 1924; A., Ent. 
News, v. 35, p. 304, 1924; Green, E. E., Trans. Ent. Soc. London 1924, (Proc.), 
pp. clxi-clxii. 

MEskKE, O. von (1837-1890). A., Ent. Amer., v 5, p. 180, 1890. 

Mertcunikorr, E. ( -1916). A., Ent. News, v. 27, pp. 383-384, 1916. 

MEUNIER, F. ( -1926). <A., Ent. News, v. 37, p . 312, 1926. 

MeEvEs, J. (1844-1926). Aurivillius, M., P., Bo Tijdskrift, v. 47, no. 4, pp. 248, 
251, 1926. 

MEYER-DuwrR, L. R. (1812-1885). A., Ent. Mo. Mag., v. 21, p. 259, 1885; Dimmock, 
G., Psyche, v. 4, p. 266, 1885. 

MiaALL, L. C. (18438-1921). ‘“‘H. S.,’” Ent. Mo. Mag., v. 57, pp. 93-94, 1921; 
“Pp, P. C.,’’ Ent. News, v. 32, 191-192, 1921. 


MIcHAILOVITCH, N. ( - ). A., Ent. News, v. 30, p. 210, 1919. 

MILLIERE, P. (1813-1887). A., Ent. Mo. Mag., v. 24, pp. 70-71, 1887. 

MINGEE, W.M.( —- ). Cockerham, K. L., Jour. Econ. Ent., v. 19, pp. 418-419, 
1926. 


Minot, C. S. (1852-1914). Morse, E. S., P., B., Biog. Mem. Nat. Acad. Sci., v. 9, 
pp. 263-285, 1920; ‘‘P. P. C.,’’ Ent. News, v. 26, pp. 47-48, 1915. 

MITcHELL, J. D. (1850-1922). Bailey, V., P., Jour. Mammology, v. 4, no. 1, pp. 
18-49, 1923; Howard, L. O., Mo. Let. Bur. Ent., Dept. Agr., no. 94, p. 1, 
Feb., 1922. 

MivaKE, T. ( -1921). A., Ent. News, v. 32, p. 160, 1921; A., Sci., n. s., v. 53, 
p. 234, 1921. 

Mocsary, A. (1841-1915). Csiki, E., B., Rovartani Lapok, v. 17, pp. 162-175, 
1910; Vierick, H. L., Ent. News, v. 33, pp. 157-158, 1922. 

MoeseEr, F. E. (1869-1914). Bird, H., Can. Ent., v. 46, p. 268, 1914; ‘‘H. B.,”’ 
Ent. News, v. 25, p. 335, 1914. 

Morrat, J. A. (1825 1904). A., P., 3lst Ann. Rpt. Ent. Soc. Ontario, p. 1, 1900; 
Bethune, C. J. S., P., B., 35th Ann. Rpt. Ent. Soc. Ontario, pp. 109-110, 1904; 
Bethune, C. J. S., Can. Ent., v. 36, p. 84, 1904. 





510 Annals Entomological Society of America [Vol. XXI, 


Morrett, T. (1553-1604). Weiss, H. B., Sci. Mo., v. 24, pp. 559-566, 1927. 
Mone LL, J. T. (1859-1915). Davis, J. J., P., Ent. News, v. 26, pp. 380-383, 1915; 
Davis, J. J., Jour. Econ. Ent., v. 8, p. 503, 1915. 
Montanpon, A. L. ( -1922). A., Ent. News, v. 34, p. 255, 1923. 
$s, v. 23, pp. 239-240, 


MontTcoMErY, T. H., JR. (1873-1912). A., P., Ent. News 
1912. 

Morice, F. D. (. -1926). A., Sci., n. s., v. 64, no. 1665, p. 524, 1926. 

Morris, J. G. (1803-1895). <A., P., Ent. News, v. 6, pp. 273-274, 1895; A., Nat. 
Cyclop. Amer. Biog., v. 3, p. 61, 1897; Smith, J. B., P., Pop. Sci. Mo., v. 76, 
p. 471, 1910. 

Morrison, H. K. (1854-1885). A., Ent. Amer., v. 1, p. 100, 1885; Mann, B. P., 
Psyche, v. 4, p. 287, 1885. 

Mors, L. A. R. (1826-1884). Dimmock, G., Psyche, v. 4, p. 266, 1885. 

Morton, E. L. (1841-1920). Newcomb, H. H., P., Ent. News, v. 28, pp. 97-101, 
1917; Newcomb, H. H., Ent. News, v. 31, pp. 149-150, 1920. 

Mosuer, F. H. (1861-1925). Burgess, A. F., Jour. Econ. Ent., v. 18, p. 562, 1925. 

Movret, T. (1553-1604). Miall, L. C., Early Naturalists, their lives and work, 
pp. 84-87, 1912. 

Muutie, J. G. G. (1813?-1884). A., Psyche, v. 4, p. 236, 1884. 

Mutsant, E. (1797-1880). ‘‘E. A. F.,’’ Ent., v. 14, pp. 46-47, 1881; Félissis-Rollin, 
J., B., Ann. Soc. Ent. France, ser. 5, v. 10, pp. 403-412, 1880; Westwood, J. O., 
Ent. Mo. Mag., v. 17, pp. 189-190, 1881. 

Murpock, D.H.( - ). A., Ent. Amer., v. 2, p. 101, 1886. 

Murray, A. (1812-1878). A., Amer. Nat., v. 12, p. 197, 1878; A., 9th Ann. Rpt. 
Ent. Soc. Ontario, pp. 24-25, 1878; A., Can. Ent., v. 10, pp. 32-34, 1878; A., 
Ent. Mo. Mag., v. 14, pp. 215-216, 1878; Westwood, J. O., Trans. Ent. Soc. 
London 1877, (Proc.), p. Xxxix. 

Murray, W.( - ). A., 16th Ann. Rpt. Ent. Soc. Ontario, p. 23, 1886; A., Can. 
Ent., v. 17, p. 78, 1885. 

Mur TFELpT, M. E. (1848?-1913). A., Can. Ent., v. 45, p. 157, 1913; A., P., Jour. 
Econ. Ent., v. 6, pp. 288-289, 1913; Schwarz, H., et al., P., Ent. News, v. 24, 
pp. 241-242, 1913. 

Mutzett, M. ( -1887). Dimmock, G., Psyche, v. 5, p. 36, 1888. 

Myers, P. R. (1888-1925). A., Ent. News, v. 36, p. 192, 1925; Walton, W. R., 
et al., P., B., Proc. Ent. Soc. Wash., v. 27, pp. 65-67, 1925. 


NELL, P. (1857-1923). Skinner, H., Ent. News, v. 35, p. 35, 1924. 

NEUMOGEN, B. (1845-1895). A., P., Ent. News, v. 6, pp. 65-66, 1895; A., Ent. 
Record, v. 6, p- 191, 1895. 

NewMan, E. (1801-1876). A., Amer. Nat., v. 10, p. 700, 1876; A., Ent. Mo. Mag., 
v. 13, pp. 45-46, 1876; Westwood, J. O., Trans. Ent. Soc. London 1876, (Proc.), 
pp. xlii-xliii. 

Norton, E. (1824-1894). A., P., B., Ent. News, v. 5, pp. 161-163, 1894; A., Psyche, 
v. 7, p. 138, 1894. 


OBERTHUER, C. (1845-1924). A., Ent. Record, v. 36, p. 115, 1924; ‘‘G. C. C.,”’ 
Ent. Mo. Mag., v. 60, pp. 191, 215-216, 1924; Green, E. E., Trans. Ent. Soc. 
London 1924, (Proc.), p. clxii; Houlbert, C., P., B., Ann. Soc. Ent. France, 
v. 93, pp. 163-178, 1924;‘‘N. D. R.,”’ Ent., v. 57, pp. 191-192, 1924; Skinner, H., 
P., Ent. News, v. 35, pp. 267-269, 1924. 

Ocus, F. (1767-1822). Strecker, H., B., Butterflies and Moths of North America, 
p- 258, 1878. 

Oxivier, A. G. (1756-1814). Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, p. 39, 
1913, and v. 9, pp. 9-10, 1914; Swainson, W., Bib. of Zool., pp. 279-281, 1840. 

OxiviErR, E. (1844-1914). A., Ent. Mo. Mag., v. 50, p. 67, 1914; A., Ent. News, 
v. 25, p- 240, 1914; a Ent. Record, v. 26, p- 144, 1914. 

Otutrr, A. S. (1865-1896). A., Ent. Mo. Mag., v. 32, pp. 66-67, 1896; ‘‘F. B. G.,”’ 
B., Agr. Gaz. N.S. Wales, v. 7, p. 1, 1896; Meldola, R., Trans. Ent. Soc. 
London 1896, (Proc.), p. xcii. 

Orp, G. (1781-1866). Rhoads, S. N., P., Cassinia, v. 12, pp. 1-8, 1908. 

OrMEROD, G. E. (1823-1896). Bethune, C. J. S., 27th Ann. Rpt. Ent. Soc. Ontario, 
pp. 112-113, 1896; Bethune, C. J. S., Can. Ent., v. 28, p. 290, 1896. 








1928] Wade: Bibliography of Biographies 511 


OrMEROD, E. A. (1828-1901). A., P., London News, v. 99, p. 334, 1891; A., P., 
London News, v. 119, p. 122, 1901; Autobiograpyy and correspondence, P., 
(Wallace, R., ed.), 348 pp., 1904; Bethune, C. J. 5., P., B., 32d Ann. Rpt. 
Ent. Soc. Ontario, pp. 121-125, 1901; Woolf, V., Dial, v. 77, pp. 466-474, 1924. 

OsTEN SacKEN, C. R. (1828-1906). Aldrich, J. M., P., Ent. News, v. 17, pp. 


269-272, 1906; A., Can. E > v. 35, pp. 344-346, 1903; Bethune, C. J. S., Can. 
Ent., v. 38, p. 238, 1906; ‘“‘G. H. V.,”’ Ent., v. 39, p. 192, 1906; Introduction to 
Record of ~~ Life Work . Entomology, Cambridge, Mass., pp. 1-26, 1901; 
Johnson, C. , Ent. News, v. 17, pp. 273-275, 1906; Record of my Life Work 
in Entomol Fass , P., Cambridge, Mass., pp. 8+1+240, 1903; Smith, J. B., P., 
Pop. Sci. Mo., v. 76, p. 473, 1910; Verrall, G. H., Ent. Mo. Mag., v. 42, pp. 


234-235, 1906. 


PACKARD, A. S. (1839-1905). A., Can. Ent., v. 37, pp. 111-112, 1905; A., P., Ent. 
News, v. 16, pp. 97-98, 1905; Barus, C., Sci., n. s., v. 21, pp. 401-406, 1905; 
Benjamin, M., P., Harper’s Weekly, v. 34, pp. 925-926, 1890; Cockerell, T. 
D. A., P., B., Biog. Mem. Nat. Acad. Sci., v. 9, pp. 181-236, 1920; Henshaw, 
S., Ent. Writings, U. S. = of Ent. Bul., o. s., no. 16, pp. 1-49, 1887; Kingsley, 
J. S., P., Pop. Sci. Mo., v. 33, pp. 145, 260-267, 1905; Mead, A. D., P., Pop. 
Sci. Mo., v. 67, pp. 2 ‘3, 1905; Smith, J. B., P., Pop. Sci. Mo., v. 76, p. 473, 
1910; Smith, J. B., P., Psyche, v. 12, pp. 33-35, 1905. 

Patias, P. S. (1741 isti), Strecker, N., B., eens and Moths of North 
America, p. 259, 1878; ‘‘W. F. K.,’” Ent., v. 38, pp. 143-144, = 

Patm, C. (1836-1917). oa Ent. News, v. 29, p. 139, 1918; A., P., Jour. N. Y. 
Ent. Soc., v. 25, pp. 237-238, 1917. 

PaLMER, E. (1821-1911). A., Ent., News, v. 22, p. 239, 1911. 

PANTEL, J. (1853-1920). Z Ent. News, v. 31, p. 210, 1920; Foulquier, J. H., Sci., 
n. s., V. 52, pp. 266-267, 1920. 

PANTON, J. H. ( -1898). A., 29th Ann. Rpt. Ent. Soc. Ontario, p. 105, 1898; 
A., Can. Ent., v. 30, pp. 77-78, 1898. 

Panzer, G. W. F. (1755-1829). Strecker, H., B., Butterflies and Moths of North 
America, p. 259, 1878; Swainson, W., B., Bib. of Zool., p. 287, 1840. 

Parry, F. J. S. (1819-1885). A., Ent. Mo. Mag., v. 21, p. 240, 1885; Dimmock, 
G., Psyche, v. 4, p. 266, 1885. 

Pascoe, F. P. (1813-1893). A., Ent. News, v. 5, p. 128, 1894; McLachlan, R., 
Ent. Mo. Mag., v. 29, py ow 196, 1893. 

PATTERSON, J. P. (1835 1898). j Ent. News, v. 9, p. 104, 1898. 

Patton, W. H. (1853-1918). Pen W. E., et al., P., B., Ent. News, v. 32, 
pp. 33-40, 1921. 

Pauty, A. (1850-1914). A., P., B., Ent. Blatter, v. 10, pp. 129-135, 1914 

PAYKULL, G. ( 1820). Swainson, W., B., Bib. of Zool., p. 288, 1840. 

PEALE, T. R. (1800-1885). A., even Cyclop. Amer. Biog., v. 4, p. 691, 
1888; A., P., Ent. News, v. 24, pp. 1 1912; Dimmock, G., Psyche, .v 4, p. 
266, 1885; Lucas, F. A., P., Amer. hen, Jour., v . 17, pp. 211-212, re Peale, 

C., Bul. Phil. Soc. Wash., v. 14, pp. 317-326, 1901; Stone, W., P., Cassinia, 
v. 19, pp. 1-13, 1915; Strecker, H., B., Butterflies and Moths of North in rica, 
pp. 259-260, 1878. 


Peck, G. W. (1837-1909). A., Can. Ent., v. 41, p. 220, 1909. 

Peck, W. D. (1763-1822). A., Boston Daily Adv., v. 35, no. 81 (whole no. 2902), 
p. 2, Oct. 8, 1822; A., Mass. Hist. Soc. Coll., ser. 2. v. 10, pp. _ 170, 1843; 
Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, p. 71, 1913; Goode, B., Ann. 


Rpt. Smithsn. Inst. 1897, v. 2, pt. 2, pp. a 426, 1901; Kelly, a A., et al., 
Amer. Med. Biog., pp. 900-901, 1920; Kelly, H. A., Cyclop. Amer. wees Biog., 
. 2, pp. 260-261, 1912; Morris, J. G., Amer. ae Sci. & Arts, v. 1, pp. 19-20, 
1846; Quincy, J., Hist. of Harvard Coll., v. 2, pp. 329-330, 1840; Wiseor, Ne 
Memorial Hist, of Boston, v. 4, pp. 518-519, 1881. 

PECKHAM, G. W. (1845-1914). A., Ent. News, v. 25, p. 96, 1914; A., Nat. Cyclop. 
Amer. Biog., v. 12, p. 347, 1904; Muttkowski, R. A., P., Ent. News, v. 25, 
pp. 145-148, 1914. 

PERCHERON, A. R. (1797-_). Swainson, W., B., Bib. of Zool., p. 291, 1840. 

PERGANDE, T. (1840-1916). A., B., Ent. News, v. 27, p. 240, 1916; A., Sci., n. s., 
v. 43, p. 492, 1916; Bigson, A., Can. Ent., v. 48, pp. 213-214, 1916. 





1928] Wade: Bibliography of Biographies 513 


ReeD, W.C.( - ). Stiles, C. W., et al., Proc. Ent. Soc. Wash., v. 5, pp. 157-158, 
1903. 

REINECKE, O. (1840-1917). A., Ent. News, v. 29, p. 240, 1918. 

REITTER, E. (1845-1920). A., Ent. Mo. Mag., v. 56 p. 113, 1920; A., Ent. News, 
v. 31, p. 210, 1920; Heikertinger, F., Verhandlungen der Zool., Bot. Gesell- 
schaft Wien 1920, v. 70, pp. (105)-(107), 1921; Navas, R. P. L., P., Bol. Soc. 
Ent. de Espana 1918, v. 4, no. 3, pp. 44-46, 1921; Wanka, T., et al., P., B., 
Wiener Ent. Zeitung, v. 34, pp. 215-287, 1915. 

Retzius, A. J. (1742-1821). Strecker, H., B., Butterflies and Moths of North 
America, pp. 262-263, 1878. ‘ 

REvTER, O. M. (1850-1913). A., Ent. News. v, 25, p. 48, 1914; “‘E. B.,’’ P., Ent. 
Mo. Mag., v. 49, pp. 230-231, 1913; Heidemann, O., B., Proc. Ent. Soc. Wash., 
v. 16, pp. 76-78, 1914; Sahlberg, J., P., Ent. Tidshr. Uppsala, v. 38, pp. 62-96, 
1917. 

REYNOLDS, L. R. (1878-1922) Frentz E. W. et al. P.'‘Sherman. Mt. Vernon, N. Y. 
6 pp. 1924. 

RICKSECKER, L. E. (1841-1913). A., Ent. News, v. 24, p. 144, 1913; Fall, H. C., 
Ent. News, v. 24, pp. 239-240, 1913. 

Ripincs, J. (1803-1880). A., P., Ent. News, v. 7, pp. 161-162, 1896. 

Ripincs, J. H. (1842-1908). A., Ent. News, v. 19, p. 242, 1908. 

Ritey, C. V. (1843-1895). A., Can. Ent., v. 26, pp. 174-175, 1894; A., P., Ent. 
News, v. 6, pp. 241-243, 1895; A. Ent. Record, v. 7, p. 72, 1895; A., P., Nat. 
Cyclop. Amer. Biog., v. 9, pp. 443-444, 1907; A., P., Proc. Ent. Soc. Wash., 
v. 3, no. 5, pp. 293-298, Oct., 1896; A., Psyche, v. 7, p. 308, 1895; Goode, G. B., 
Sci., n. s., v. 3, pp. 217-225, 1896; Howard, L. O., Phil. Soc. Wash. Bul., v. 
13, pp. 412-416, 1895; Howard, L. O., et al., P., Proc. Ent. Soc. Wash., v. 
3, pp. 293-298, 1896; ‘‘J. F.,”’ P., Can. Ent., v. 27, pp. 273-274, 1895; M’ Lachlan, 
R., Ent. Mo. Mag., v. 31, pp. 269-270, 1895; Meldola, R., et al., Trans, Ent. 
Soc. London 1895, (Proc.) pp. xxvi-xxx, Ixviii-lxix; Packard, A. S., P., 
26th Ann. Rpt. Ent. Soc. Ontario, pp. 95-100, 1895; Packard, A. S., Sci., 
n. s., v. 2, pp. 745-751, 1895; Smith, J. B., P., Pop. Sci. Mo., v. 76, pp. 
476-477, 1910; Starr, F., P., Pop. Sci. Mo., v. 52, pp. 640-641, 1898; Strecker, 
H., B., Butterflies and Moths of North America, pp. 263-264, 1878; Walton, 
W.R., Proc. Ent. Soc. Wash., v. 23, pp. 92-93, 1921. 

RitcHlg£, A. S. ( -1870). A., Can. Ent., v. 2, pp. 155-156, 1870; A., B., Can. Ent., 
v. 3, p. 177, 1871. 

Rivers, J. J. (1824-1913). Grinnell, F., Bul. Brooklyn Ent. Soc., v. 9, pp. 72-73, 
1914; Grinnell, F., Jr., Ent. News, v. 25, pp. 143-144, 1914. 

RoBinson, C. T. (1838-1872). Grote, A. R., B., Can. Ent., v. 4, pp. 109-111, 
118, 1872; ‘‘H. S.,’’ P., Ent. News, v. 36, p. 309, 1925. 

RODRIGUEZ, J. J. Luna (1840-1916). A., Ent. News, v. 28, pp. 335-337, 1917; 
A., Sci., n. s., v. 45, p. 112, 1917; ‘“‘G. C. C.,’” Ent. Mo. Mag., v. 53, p. 68, 1917. 

RogEsEL, A. J. von R. (1705-1759). Miall, L. C., Early Naturalists, their lives 
and work, pp. 293-303, 1912. 

ROGENHOFER, A. F. (1832-1897). A., Ent. Mo. Mag., v. 33, p. 108, 1897; A., Ent. 
News, v. 8, p. 120, 1897. 

RossEAU, E. (1872-1920). Lestage, J.-A., P., B., Bul. Soc. Ent. Belgique, v. 3, 
pp. 35-41, 1921. 

Rossi, P. ( - ). Swainson, W., B., Bib. of Zool., p. 311, 1840. 

RotuHney, G. A. J. (1849-1922). A., Ent. News, v. 33, p. 255, 1922; “E. B. P.,” 
Ent. Mo. Mag., v. 58, pp. 113-114, 1922. 

ROTHSCHILD, N. C. (1877-1923). Austen, E. E., Nature, v. 112, p. 697, 1923; 
Skinner, H., Ent. News, v. 35, p. 76, 1924. 

RoussgEaAu, E. (1872-1920). Calvert, P. P., Ent. News, v. 33, pp. 158-159, 1922. 

ROWLAND-Brown, H. (1865-1922). A., Ent. News, v. 33, p. 256, 1922; ‘‘W. G.S.,” 
P., Ent., v. 55, pp. 121-123, 1922. 

RvuAL, F. (1836-1893). A., Ent. News, v. 4, p. 280, 1893. 

RuscHEWEYH, G. R. (1826-1899). Dyar, H. G., Ent. News, v. 11, p. 580, 1900. 

RussEL., F. W. (1844-1915). A., Psyche, v. 23, p. 25, 1916; ‘‘F. J. H.,’’ Ent. 
News, v. 27, pp. 47-48, 1916. 

RussE., H. M. (1882-1915). Britton, W. E., Jour. Econ. Ent., v. 8, p. 433, 1915; 
Quaintance, A. L., et al., B., Proc. Ent. Soc. Wash., v. 18, pp. 3-5, 1916. 











514 Annals Entomological Society of America [Vol. XXI, 


Rye, E. C. (1832-1885). A., Ent. Mo. Mag., v. 21, pp. 238-240, 1885; Dimmock, 
G., Psyche, v. 4, p 266, 1885; McLachlan, R., Trans. Ent. Soc. London 1885, 
(Proc.), pp. xli-xlii. 


SAHLBERG, J. R. (1840?-1920). A., Ent. Mo. Mag., v. 56, p. 138, 1920; A., Ent. 
News, v. 31, p. 239, 1920; Boving, A. G., Sci., n. s., v. 52, pp. 216-217, 1920. 

Saint Cyr, D. N. (1825-1899). Treffry, J. E., Can. Ent., v. 31, p. 102, 1899. 

SALLE, A. (1821-1896). Horn, G. H., Ent. News, v. 7, p. 192, 1896; Meldola, R., 
Trans. Ent. Soc. London 1896, (Proc.), pp. xciii-xciv. 

SaLmon, D. E. (1850-1914?). A., Ent. News, v. 26, p. 96, 1915. 

SALVIN, O. (1835-1898). A., Ent., v. 31, pp. 175-176, 1898; A., P., Ent. News, v. 27, 
pp. 193-197, 1916; Autobiography, P., Jubilee Sup. to Ibis, v. 2, pp. 127-128, 
Mch., 1909; Godman, F. D., Biologia Centrali-Americana, v. 1, pp. 1-12, 
1915; M’Lachlan, R., Ent. Mo. Mag., v. 34, pp. 164-165, 1898; Trimen, R., 
Trans. Ent. Soc. London 1898, (Proc.), pp. lii-liii. 

SANBORN, F. G. (1838-1884). A., Psyche, v. 4, p. 175, 1884; Dickinson, T. A., 
P., Proc. Worcester Soc. of Antiquity 1884, 20 pp., 1885; Mann, B. P., Psyche, 
v. 4, p. 205, 1884; ‘‘T. A. D.,’’ Can. Ent., v. 16, pp. 103-105, 1884. 

SANG, J. (1828-1887). A., Ent. Mo. Mag., v. 23, pp. 261, 278-279, 1887. 

SANGSTER, J. H. (1831-1904). A., Can. Ent., v. 36, p. 72, 1904. 

SauLGy, F. DE (1807-1880). Reiche, M. L., Ann. Soc. Ent. France, ser. 5, v. 10, 
pp. 413-416, 1880. 


SAUNDERS, E.( - ). ‘'M.,’’ P., Ent. Mo. Mag., v. 46 (2d ser., v. 21), pp. 49-53, 
1910. 

SAUNDERS, R. T. ( 1896). A., Ent. News, v. 8, p. 184, 1897. 

SAUNDERS, W. (1835-1914). A., P., Can. Ent., v. 27, p. 197, 1895; A., Ent. News, 


v. 25, p. 480, 1914; Bethune, C. J. S., et al., P., Ann. Ent. Soc. Amer., v. 8, 
p. 99, 1915; Bethune, C. J. S., 45th Ann. Rpt. Ent. Soc. Ontario, pp. 121-123, 
1914; Bethune, C. J. S., P., Can. Ent., v. 46, pp. 333-336, 1914; Goding, F. W., 
P., 25th Ann. Rpt. Ent. Soc. Ontario, pp. 1, 120-123, 1894; Hewitt, C. G., 
P., 45th Ann. Rpt. Ent. Soc. Ontario, p. 29, 1914; Strecker, H., B., Butter- 
flies and Moths of North America, pp. 264-266, 1878. 

SAUNDERS, W. E. ( - ). A., P., 38d Ann. Rpt. Ent. Soc. Ontario, pp. 126-127, 
1902; A., P., Can. Ent., v. 35, pp. 1-2, 1903. 

SAussuRE, H. DE (1829-1905). Bouvier, E. L., Bul. Mus. D’Historie Naturelle, 
Paris, v. 11, pp. 223-225, 1905; Burr, M., Ent. Mo. Mag., v. 41 (2d ser., v. 16), 
pp. 119-120, 1905; Burr, M., P., Ent. Record, v. 17, pp. 167-170, 1905; Yung, E., 
P., Arch. Sci. Phys., Geneva, v. 21, pp. 519-534, 1906. 

Say, T. (1787-1834). A., P., Amer. Jour. Conchology, v. 1, p. 1, 1865; A., B., 
Amer. Jour. Sci., v. 27, pp. 393-395, 1835; A., Ent. News, v. 6, p. 45, 1895; 
A., Ent. News, v. 17, p. 248, 1906; A., Lamb’s Biog. Dict. of U. S., v. 6, p. 624, 
1903; Barber, H. S., Ent. News, v. 39, pp. 15-20, 1928; Binney, W. G. (ed.), 
Complete Writings of Thomas Say on the Conchology of the U. S. Bailliere, 
New York, pp. 6—252, 1858; Coates, B. H., B., Acad. Nat. Sci., Phila., pp. 1-31, 
1835 (unnumbered pamphlet); Coates, B. H., P., Nat. Portrait Gallery, v. 4, 
pt. 39, pp. 1-10, 1837; Coates, B. H., Waldies’ Select Circ. Libr., v. 5, pp. 
236-239, 1835; Dall, W. H., Proc. Biol. Soc. Wash., v. 4, pp. 98-102, 1888; 
Dow, R. P., Bul. Brooklyn Ent. Soc., v. 8, pp. 52-54, 72, 1913; Fox, W. J., 
Ent. News, v. 12, pp. 110-113, 138-141, 173-177, 203-205, 233-236, 281-283, 
314-316, 1901; v. 13, pp. 9-11, 38-40, 1902; Haguewood, F. K., Amer. Collector, 
v. 2, p. 366, 1925; Harris, G. D., P., Bul. Amer. Paleont., v. 1, no. 5, pp. 2-84, 
271-354, 1896; Harris, T. W., Psyche, v. 8, pp. 399-401, 411-414, 1899; Howard, 
L. O., Can. Ent., v. 35, pp. 138-139, 1903; Kingsley, J. S., P., Pop. Sci. Mo., 
v. 21, pp. 577, 687-691, 1882; Lockwood, G. B., New Harmony Communities, 
Marion, Ind.,° 1902; Moore, E. E., A Century of Indiana, New York, 1910; 
Morris, J. G., Amer. Jour. Sci. & Arts, v. 1; pp. 20-24, 1846; Ord, G., American 
Entomology by Thomas Say (LeConte, ed.), pp. 7-22, 1859; Owen, C. D., 
Seth Way, A Romance of New Harmony Community, New York, 1917; 
Schwarz, E. A., Proc. Ent. Soc. Wash., v. 1, pp. 81-82, 1887; Scudder, S. H., 
Psyche, v. 6, pp. 57-60, 121-124, 137-141, 169-172, 185-187, 297-298, 345-346, 
397-358, 1891; Scudder, S. H., Psyche, v. 8, pp. 306-307, 1899; Smith, J. B., 

P., Pop. Sci. Mo., v. 76, pp. 467-468, 1910; Strecker, H., B., Butterflies and 








1928] Wade: Bibliography of Biographies 515 


Moths of North America, p. 266, 1878; Swainson, W., B., Bib. of Zool., pp. 
317-318, 1840; Webster, F. M., Ent. News, P., v. 6, pp. 1-4, 33-34, 80-81, 
101-103, 1895; Webster, F. M., Can. Ent., v. 35, p. 94, 1903; Weiss, H. B., 
et al., Jour. N. Y., Ent. Soc., v. 35, pp. 231-239, 1927; Youmans, W. J., Pioneers 
of Science in America, pp. 215-222, 1896. 

SCHAEFFER, J. C. (1718-1790). Strecker, H., B., Butterflies and Moths of North 
America, p. 266, 1878; Swainson, W., B., Bib. of Zool., pp. 318-319, 1840. 
ScHaupp, F. G. ( -1904). A., Ent. News, v. 15, p. 352, 1904; Leng, C. W., Bul. 

Brooklyn Ent. Soc., v. 18, pp. 1-12, 1923. 

ScHIoDTE, J. C. (1815-1884). Dunning, J. W., Trans. Ent. Soc. London 1884, 
(Proc.), pp. xxxix—xl. 

ScuMiTT, P. J. (1857-1904). A., P., Ent. News, v. 15, p. 224, 225-226, 1904; 
“H. F. W.,’’ Can. Ent., v. 36, p. 188, 1904. 

SCHNEIDER, L. (1836-1901). A., P., Ent. News, v. 12, p. 256, 1901. 

SCHOENBORN, H. F. (1833-1896). A., Ent. News, v. 7, p. 256, 1896; Gill, T. N., 
Proc. Ent. Soc. Wash., v. 4, p. 49, 1896. 

ScHopout, J. A. (1723-1788). Strecker, H., B., Butterflies and Moths of North 
America, p. 267, 1878; Swainson, W., B., Bib. of Zool., pp. 322-323, 1840. 

SCHROETER, J. S. (1735- ). Swainson, W., B., Bib. of Zool., p. 321, 1840. 

ScHusTER, M. (1823-1894). A., Ent. News, v. 5, p. 96, 1894. 

Scott, J. (1823-1888). A., Ent. Mo. Mag., v. 25, pp. 114-116, 1888; Dimmock, 
G., v. 5, p. 156, 1889. 

ScrANK, F. P. ( -1747). Swainson, W., Bib. of Zool., p. 320, 1840. 

ScuppER, S. H. (1837-1911). A., Amer. Jour. Sci., ser. 4, v. 31, p. 582, 1911; A., 
P., Appalachia, v. 12, pp. 213, 276-279, 1912; A., P., Nat. Cyclop. Amer. 
Biog., v. 3, pp. 99-100, 1893; Benjamin, M., P., Harper’s Weekly, v. 34, pp 
925-926, 1890; Bethune, C. J. S., Can. Ent., v. 43, pp. 253-254, 1911; Dimmock, 
G., Dimmock’s Sp. Bib., no. 3, pp. 1-28, 1879; Cockerell, T. D. A., B., Sci., 
n. s., v. 34, pp. 339-342, 1911; ‘‘H. J. T.,’’ Ent. Record, v. 23, pp. 255-256, 1911; 
“H. S.,” B., Ent. News, v..22, pp. 290-292, 1911; Holland, W. J., et al., P., 
Ann. Ent. Soc. Amer., v. 5, p. 72, 1912; ‘J. A. G. R.,’”’ P., Ent. News, v. 22, 
pp. 288, 289-290, 1911; Kingsley, J. S., et al., P., Psyche, v. 18, pp. 175-192, 
1911; Mayor, A. G., P., B., Mem. Nat. Acad. Sci., v. 17, pp. 81-104, 1924; 
Smith, J. B., P., Pop. Sci. Mo., v. 76, pp. 473-474, 1910. 

SEEBER, C. E (1833-1895). A., Ent. News, v. 6, p. 172, 1895; A., Ent. News, v. 6, 
pp. 195-196, 1895. 

Seip, S. H. M. ( -1908). A., Ent. News, v. 19, p. 396, 1908. 

SErp.itz, G. von (1840-1917). A., Ent. Mo. Mag., v. 58, p. 22, 1922. 

SEIFERT, O. (1848-1910). A., Can. Ent., v. 48, p. 16, 1911. 

Seiss, C. F. ( -1915). A., Ent. News, v. 26, pp. 383-384, 1915. 

SELys-Lonccuamps, M. E. DE (1813-1890). A., P., Ent. Record, v. 13, pp. 79-80, 
1901; Calvert, P. P., P., Ent. News, v. 12, pp. 32, 33-37, 1901; M’Lachlan, R., 
Ent. Mo. Mag., v. 37, pp. 78-80, 1901; Verrall, G. H., Trans. Ent. Soc. London 
1900, (Proc.), p. xlv. 

SHARP, D. (1840-1922). A., Bul. Brooklyn Ent. Soc., v. 17, p. 149, 1922; A., Ent. 
News, v. 33, p. 288, 1922; A., P., Proc. Ent. Soc. Wash., v. 24, p. 207, 1922; 
Calvert, P. P., Ent. News, v. 33, pp. 318-320, 1922; Everts, E., Tijds. Ent., 
pp. 219-220, 1922; ‘J. J. W.,’’ P., Ent. Mo. Mag., v. 58, pp. 234-237, 1922; 
Lucas, W. J., P., Ent., v. 55, pp. 217-222, 1922; Morice, F., Ent. Record, v. 34, 
pp. 186-188, 1922; Muir, F., B., Proc. Haw. Ent. Soc. 1922, v. 5, no. 2, pp. 
335-339, 1923. 

SHarp, W. E. (1856-1919). A., Ent. News, v. 31, p. 149, 1920; ‘‘W. W. F.,” Ent. 
Mo. Mag., v. 55, p. 263, 1919. 

SHaw, W. D. (1867-1886). A., 17th Ann. Rpt. Ent. Soc. Ontario, p. 22, 1887; 
A., Can. Ent., v. 18, p. 119, 1886. 

SHELFORD, R. W. C. (1873-1912). A., Ent. Mo. Mag., v. 48, p. 218, 1912; A., Ent. 
News, v. 23, p. 388, 1912; Burr, M., P., Ent. Record, v. 24, pp. 205-206, 1912; 
Morice, F. D., Trans. Ent. Soc. London 1912, (Proc.), pp. clxiv-clxv; Poulton, 
E. B., Ent. Record, v. 24, p. 204, 1912. 

SHIMER, H. (1828-1895). A., Ent. News, v. 6, p. 240, 1895; A., P., Ent. News, 
v. 6, pp. 305-306, 1895. 














516 Annals Entomological Society of America |Vol. XXI, 


SHUCKARD, W. E. (1803?-1868). Bates, H. W., Trans. Ent. Soc. London 1868, 
(Proc.), pp. lvi-lvii; Swainson, W., B., Bib. of Zool., pp. 325-326, 1840. 

SIDEBOTHAM, J. (1823-1885). A., Ent. Mo. Mag., v. 22, p. 46, 1885. 

Srewers, C. G. (1814-1882). A., 14th Ann. Rpt. Ent. Soc. Ontario, pp. 82-83; 
1883; Dury, C., Can. Ent., v. 14, p. 176, 1882. 

SIGNORET, V.-A. (1816-1889). Fairmaire, M. L., B., Ann. Soc. Ent. France, ser. 6, 
v. 9, pp. 505-512, 1889. 

Srwon, E. (1848-1924). A., Ent. News, v. 36, pp. 222-224, 1925; Berland, L., P., 
B., Ann. Soc. Ent. France, v. 94, pt. 1, pp. 73-100, 1925. 

Srmpson, C. B. (1876-1907). A., Ent. News, v. 18, p. 112, 1907. 

SKINNER, H. (1861-1926). A., P., Ent. News, v. 22, p. 1, 1911; A., Ent. News, 
v. 37, pp. 192, 215, 1926; en P. P., P., Ent. News, v. 37, pp. 225-233, 1926; 


Williams, R. C., Jr., et al., P., Ann. Ent. Soc. Amer., v. 20, p. 140, 1927. 
SLADEN, F. W. L. (1876-1921); é Ent. News, v. 33, p. 128, 1922: Gibson, A., Can. 
Ent., v. 53, p. 240, 1921; ”” Ent. Mo. Mag., v. 58, pp. 111-113, 1922. 


SLeIGHT, C. E. (1860-1918). z * Ent. News, v. 29, p. 280, 1918; Davis, W. T., 
Jour. N. Y. Ent. Soc., v. 26. Pp. 47-48, 1918. 

SLINGERLAND, M. V. (1864-1909). ~— Cyclop. Amer. Biog., v. 13, pp. 314- = 
1906; Bethune, C. J. S., Can. i. 41, p. 170, 1909; Comstock, J. His 
Jour. Econ. Ent., v. 2, pp. 195-196, 1909: Comstock, J. H., Ent. News, v. 96" 
pp. 217-219, 1909; Comstock, J. H., P., (B. by Leonard, M. D.), N. Y. Agr. 
Exp. Sta. (Cornell), Bul. 348, pp. 623-651, 1914. 

SLOANE, H. (1660-1752). Strecker, H., B., Butterflies and Moths of North 
America, p. 270, 1878. 

SLosson, ANNIE TRUMBULL (1838-1926). Davis, W. , Jour. N. Y. Ent. Soc., 
v. 34, pp. 361-364, 1926; Calvert, P. P., Ent. New ‘ws, V. 38, p. 128, 1927; Leng, 
C. W., Jour. N. Y. Ent. Soc., v. 26, pp. 129-133, 1918, 

SMEATHMAN, H. (1750-1787). Swainson, W., Bib. of Zool., pp. 329-330, 1840. 

SmiTH, B. H. (1841-1918). Stone, W., Ent. News, v. 30, pp. 88-90, 1919. 

SmitTH, F. (1805-1879). A., 10th Ann. Rpt. Ent. Soc. Ontario, p. 36, 1879; A., 
Can. Ent., v. 11, p. 78, 1879; Dunning, J. W., Trans. Ent. Soc. London 1879, 
(Proc.), pp. lxiv—lxvi. 

SmitH, G. D. (1833-1880). Mann, B. P., Psyche, v. 3, p. 199, 1881; Orne, J., Proc. 
Boston Soc. Nat. Hist., v. 21, pp. 51-53, 1880. 

Situ, H. H. (1851-1919). A., Ent. News, v. 30, p. 210, 1919; Holland, W. J., P., 
Ent. News, v. 30, pp. 211-214, 1919; Holland, W. J., Sci., n.s., v. 49, pp. 481-483, 
1919. 

SmiTH, J. B. (1858-1912). A., Amer. Jour. Sci., ser. 4, v. 33, p. 388, 1912; A., Ent. 
News, v. 23, p. 192, 1912; A.. Nat. Cyclop. Amer. Biog., v. 13, pp. 201-202, 
1906; A., P., Nat. Cyclop. Amer. Biog., v. 15, pp. 71-72, 1916; A., Sci., n.s., 
v. 34, pp. 613-614, 1912; Gibson, A., P., Can. Ent., v. 44, pp. 97-99, 1912; 
Grossbeck, J. A., P., Ent. News, v. 23, pp. 193-196, 1912; ‘‘H. J. T.,’’ Ent. 
Record, v. 24, pp. 203-204, 1912; Howard, L. O., et al., Proc. Ent. Soc. Wash., 
v. 14, pp. 111-117, 1912; Osborn, H., P., Jour. Econ. Ent., v. 5, pp. 234-236, 
1912. 

SmiTH, J. E. (1759-1828). Goode, G. B., P., Ann. Rpt. Smithsn. Inst., 1897, v. 2, 
pt. 2, p. 418, 429, 1901; Strecker, H., B., Butterflies and Moths of North 
America, p. 209, 1878. 

SmitH, R. I. (1882-1927). ‘‘E. R. S.,’’ P., Jour. Econ. Ent., v. 20, pp. 651-652, 
1927. 

SmitH, S. (1804?-1884).- Dimmock, G., Psyche, v. 4, p. 266, 1885. 

SmiTH, S. I. (1867-1926). Verrill, A. E., Rpt. Nat. Acad. Sci., 1927, pp. 115-116, 
Ibid. Science, n. s. v. 64, pp. 57-58, July 16, 1926. 

Snow, F. H. (1840-1908). A., Grad. Mag. Univ. of omnes v. 7, pp. 121-122, 
143-146, 1908; A., Jour. Econ. Ent., v. 1, p. 411, 1908; Nat. Cyclop. Amer. 
Biog., v. 9, pp. 494-495, 1907; A., P., Outlook, v. 59, p. ‘Si6, 1898; Gleed, J. W., 
Grad. Mag. Univ. of Kans., v. 7, pp. 189-143, 1908; Green, J. W., Grad. Mag. 
Univ. of Kans., v. 7, pp. 123-12 28, 1908; Kellogg, V. L., Jour. Econ. Ent., v. 2, 
pp. 83-85, 1909; McClung, C. E., Ent. News, v. 19, pp. 447-449, 1908; Moore, 
H. L., Grad. Mag. Univ. of Kans., v. 7, pp. 134-138, 1908; Williston, S. W., P 
Grad. Mag. Univ. of Kans., v. 7, pp. 128-134, 1908; Goding, F. W., Kans. Hort. 

Soc. Rpt., v. 1, 1887-1888, pp. 226-228, 1889. 











1928] Wade: Bibliography of Biographies 517 


SoLTAuU, H. (1855-1899). ‘“‘H. F. W.,’’ Ent. News, v. 11, p. 450, 1900; Schwarz, 
E. A., Proc. Ent. Soc. Wash., v. 4, p. 405, 1899. 

SPRAGUE, P. L. (1829-1874). A., 6th Ann. Rpt. Ent. Soc. Ontario, p. 24, 1875; 
“F. G. S.,”’ Amer. Jour. Numismatics, v. 9, p. 95, 1875; ‘‘F. G. S.,’’ Can. Ent., 
v. 7, pp. 95-96, 1875. 

Stat, C. (1833-1878). Bates, H. W., Trans. Ent. Soc. London 1878, (Proc.) p. 
Ixvii; Reuter, O. M., Ent. Mo. Mag., v. 15, pp. 72, 94-96, 1878; Distant, W. 
L., Ins. Transvaaliensis, P., p. 197, 1907. 

STALEY, O. J. (1869-1894). A., Ent. News, v. 5, p. 236, 1894; A., Ent. News, v. 
6, p. 172, 1895. 

STANDEN, R. S. (1835-1917). A., Ent. News, v. 29, p. 240, 1918; “‘G. C. C.,’”’ Ent. 
Mo. Mag., v. 53, p. 279, 1917; ‘‘H. R. B.,”’ Ent., v. 50, pp. 263-264, 1917. 

STAUDINGER, O. (1830-1900). A., Ent. Record, v. 12, pp. 352-353, 1900; Calvert, 
P. P., Ent. News, v. 12, p. 32, 1901; Elwes, H. J., Trans. Ent. Soc. London 
1900, (Proc.) pp. xxvi-xxxii. 

STEIN, F. (1818-1885). Dimmock, G., Psyche, v. 4, p. 266, 1885. 

STENDELL, W. (1889-1914). A,. Ent. News, v. 26, p. 240, 1915. 

STEPHENS, J. F. (1792-1852). Strecker, H., B., Butterflies and Moths of North 
America, p. 273, 1878; Swainson, W., B., Bib. of Zool., pp. 336-337, 1840. 

STEVENS, N. M. (1861-1912). ‘‘P. P. C.,’’ Ent. News, v. 23, p. 288, 1912. 

StipHAM, I. F. (1837-1913). ‘‘H. S.,’’ Ent. News, v. 24, pp. 321-322, 1913. 

STOLL, C. ( -1795). Swainson, W., B., Bib. of Zool., p. 337, 1840. 

StorER, D. H. (1804-1891). Scudder, S. H., Proc. Amer. Acad. Arts & Sci., v. 
27, pp. 388-391, 1893. 

STRAUS-DUERCKHEIM, H. (1790-1865). Swainson, W., B., Bib. of Zool., pp. 
337-338, 1840. 

STRECKER, F. H. H. (1836-1901). A., P., Ent. News, v. 13, pp. 1-4, 1902; A.., 
P., Nat. Cyclop. Amer. Biog., v. 10, pp. 317-318, 1909; Mengel, L. W., Can. 
Ent., v. 34, pp. 25-26, 1902; Smith, J. B., P., Pop. Sci. Mo., v. 76, p. 472, 1910; 
Strecker, H., B., Butterflies and Moths of North America, pp. 275-277, 1878. 

StretcH, R. H. (1837-1923). Coolidge, K. R., et al., P., Ent. News, v. 31, pp. 
181-185, 1920. 

STROMBERG, C. W. (1856-1895). A., Ent. News, v. 6, p. 172, 1895. 

Sturm, J. (1771-1848). Swainson, W., B., Bib. of Zool., p. 338, 1840. 

Swainson, W. (1789-1855). Swainson, W., B., Bib. of Zool., pp. 338-352, 1840. 

SwaLe, H. (1853-1919). Andrews, H. E., Ent. Mo. Mag., v. 55, pp. 140-141, 1919; 
A., Ent. News, v. 31, p. 30, 1920. 

SwINHOE, C. (1836-1923). A., Amer. Jour. Sci., ser. 5, v. 7, p. 250, 1924; A., Ent. 
Mo. Mag., v. 60, pp. 19-20, 1924; A., Ent. News, v. 35, p. 152, 1924; “‘J. J. W.,”’ 
Nature, v. 113, p. 21, 1924. 

SzEPLIGETI, V. (1855-1915). Vierick, H. L., Ent. News, v. 33, pp. 61-62, 1922. 


TALLANT, W. N. (1856-1905). A., Ent. News, v. 16, p. 96, 1905. 

TASCHENBERG, E. L. (1818-1898). A., Ent. News, v. 9, p. 80, 1898; A., Nature, 
v. 57. pp. 300-301, 1898. 

TASCHENBERG, O. (1854-1922). A., Ent. News, v. 33, p. 256, 1922. 

Tay.or, C. de B. (1806-1867). A., P., Nat. Cyclop. Amer. Biog., v. 2, p. 164, 1899. 

TayLor, G. W. (1851-1912). “J. F.,”’ P., 34th Ann. Rpt. Ent. Soc. Ontario, pp. 
108-109, 1903; ‘‘J. F.,”’ P., Can. Ent., v. 36, pp. 1-2, 1904; ‘“‘T. W. F.,” P., 
Can. Ent., v. 44, pp. 285-287, 1912. 

TERRY, F. W. (1877-1911). Bueno, J. R. de la Torre, Ent. News, v. 23, pp. 47-48, 
1912; Morice, F. D., Trans. Ent. Soc. London 1911, (Proc.) p. cxxvi. 

Tuomas, C. (1825-1910). A., Nat. Cyclop. Amer. Biog., v. 13, pp. 528-529, 1906; 
Forbes, S. A., Jour. Econ. Ent., v. 3, pp. 383-384, 1910; ‘‘J. A. G. R.,”’ Ent. 
News, v. 21, pp. 387-388, 1910; Goding, F. W. Ill. Hort. Soc., v. 22, pp. 106-108, 
1888. 

Tuomas, J. (1819-1908). A., Ent. News, v. 19, p. 142, 1908. 

Tuomas, L. (1838-1910). A., Ent. News, v. 21, p. 290, 1910. 

THompson, C. B. (1869-1921). Calvert, P. P., B., Ent. News, v. 33, pp. 62-63, 
1922; ‘‘T. E. S.,”” Sci. v. 55, pp. 40-41, 1922. 

THOREAU, H. D. (1817-1862). Allen, F. H., P., B., Houghton, 201, pp. 1908; 
Bazalgette, L., Harcourt, 357 pp. 1924; Channing, W. E., Goodspeed, 397 









































518 Annals Entomological Society of America (Vol. XXI, 


pp. 1902; Emerson, R. W., Thoreau’s Miscellanies, Riverside ed., pp. 1>33, 

1893; Hubbard, E., P., Little journeys to the homes of great philosophers, pp. 

153-189, 1904; Japp, A. H., P., Bentley, 271 pp., 1878; Marble, A. R., P., 

Crowell, 343 pp., 1902; Salt, H. S., P., Bentley, 315 pp., 1890; Sanborn, F. B., 

P., Houghton, 324 pp., 1882; Sanborn, F. B., P., Houghton, 542 pp., 1917; | 
Wade, J.S., Jour. N. Y. Ent. Soc., v. 35, pp. 1-21, 1927; Wade, J. S., P., Nature 
Mag., v. 10, pp. 53-54, 1927; Wade, J. S., Sci. Mo., v. 23, pp. 152-160, 1926. 

THUNBERG, C. P. (17438-1828). Strecker, H., B., Butterflies and Moths of North 
America, p. 277, 1878. 

Tomosvary, O. (1852-1884). Otto, H., P., B., Rovartani Lapok, v. 2, no. 1, pp. 
1-14, 1885. 

TosQuInNeET, P. J. (1824-1902). A., Can. Ent., v. 35, p. 2, 1903; A., Ent. Mo. Mag., 
v. 38, p. 289, 1902; Fowler, W. W., Trans. Ent. Soc. London 1902, (Proc.) 
p. lix; Severin, G., P., B., Mem. Soc. Ent. Belgique, v. 10, pp. 1-12, 1903. 

TREFFRY, J. E. ( -1900?). “‘T. W. F.,’’ 3lst Ann. Rpt. Ent. Soc. Ontario, p. 105, 
1900. 

TREHERNE, R. C. (1886-1924). Dean, G. A., et al., Jour. Econ. Ent., v. 17, pp. 
506-508, 1924; Gibson, A., et al., (B., by Crawford, H. G.,) Can. Ent., v. 56, 
pp. 151-153, 1924. 

TREMBLEY, A. (1700-1784). Miall, L. C., Early Naturalists, their lives and work, 
pp. 279-284, 1912. 

TRIMBLE, I. P. (1802-1889). Johnson, W. G., Proc. Ent. Soc. Wash., v. 4, pp. 
230-233, 1901; Weiss, H. B., B., Ent. News, v. 29, pp. 29-32, 1918. 

TRIMEN, R. (1840-1916). A., Ent. Mo. Mag., v. 52, pp. 209-210, 1916; A., Ent. 
News, v. 28, p. 338, 1917; ‘‘G. T. B.-B.,’” Ent. Record, v. 28, pp. 231-236, 
1916; ‘‘H. R. B.,’’ Ent., v. 49, p. 240, 1916. 

TruMAN, P. C. (1841-1901). A., Ent. News, v. 12, pp. 327-328, 1901. 

TRYBORN, F. (1850-1913). A., Ent. News, v. 26, p. 240, 1915; Aurivillius, C., 
P., B., Ent. Tidjskr. Uppsala, v. 35, nos. 1-2, pp. 81-86, 1914. 

TUGWELL, W. H. (1831-1895). A., Ent. Mo. Mag., v. 31, p. 2438, 1895; A., Ent. 
News, v. 7, p. 64, 1896; A., Ent. Record, v. 7, p. 72, 1895. 

TuRNER, C. H. (1867-1923). Pohlman, A. G., P., (B., by Rau, P.) Trans. Acad. 
Sci., St. Louis, v. 29, no. 9, pp. 1-54, 1923; Rau, P., P., Ent. News, v. 34, pp. 
289-292, 1923. 

TuRNER, J. A. (1797-1867). Weiss, H. B., Can. Ent., v. 58, pp. 287-289, 1926. 

Tutt, J. W. (1858-1911). A., Ent. Mo. Mag., v. 47, pp. 70-72, 1911; A., Ent. News, 
v. 22, pp. 191-192, 1911; Turner, J., et al., P., Ent. Record, v. 23, pp. 105-139, 

1911. 


Unter, P. R. (1835-1913). A., Nat. Cyclop. Amer. Biog., v. 8, p. 251, 1900; 
Henshaw, S., Psyche, v. 10, pp. 31-42, 85-92, 122-124, 224-238, 1903; Howard, 
L. O., P., Ent. News, v. 24, pp. 483-489, 1913; Schwarz, E. A., et al., P., B., 
Proc. Ent. Soc. Wash., v. 16, pp. 1-7, 1914. 

Ucke, H. (1821-1910). <A., P., Ent. News, v. 21, pp. 99-100, 1910; Banks, N., 

et al., P., B., Proc. Ent. Soc. Wash., v. 12, pp. 105-111, 1910; Hopkins, A. D., 

et al., Ann. Ent. Soc. Amer., v. 5, p. 74, 1912; Fairman, C. E., Art and Artists 

in the Capitol of the United States of America 69 Cong, Ist Sess. Sen. Doc. 

no. 95, p. 356, 1927. 

















VERRALL, G. H. (1848-1911). A., P., Ent. Mo. Mag., v. 47, pp. 262-264, 1911; 
A., Ent. News, v. 23, p. 48, 1912; ‘‘H. J. T.,’’ Ent. Record, v. 23, p. 284, 1911; 
Morice, F. D., Trans. Ent. Soc. London 1911, (Proc.) pp. exxiv—cxxvi. 

VERRILL, A. E. (1830- ). A., P., Nat. Cyclop. Amer. Biog., v.3, pp. 100-101, 1893. 

ViBert, L. (1863-1914). A., Ent. News, v. 26, p. 192, 1915. 

Vita, A. ( -1885). Dimmock, G., Psyche, v. 5, p. 36, 1888. 

VILLERS, C. J. DE (1724-1810). Swainson, W., Bib. of Zool., pp. 365-366, 1840. 

VinaL, S. C. (1895-1918). A., Ent. News, v. 29, p. 400, 1918; A., with bib., Jour. 
Econ. Ent., v. 11, p. 437, 1918. 

VoGEL, F. (1860- ). A., Ent. News, v. 26, p. 240, 1915. 

Von HEYDEN, L. F. J. D. (1838-1915). A., Ent. News, v. 27, p. 383, 1916. 

Von MEsKE, O. (1837-1890). A., Ent. Amer., v. 6, p. 180, 1890. 

VosLER, E. J. (1890-1918). Smith, H.S., Jour. Econ, Ent., v. 11, pp. 485-486, 1918. 





1928] Wade: Bibliography of Biographies 519 


Wacuti, F. (1840-1913). A., Ent. News, v. 24, p. 432, 1913. 

WALKER, F. (1809-1874). A., Can. Ent., v. 6, p. 220, 1874; A., Ent. Mo. Mag., 
v. 11, pp. 140-141, 1874; Newman, E., 6th Ann. Rpt. Ent. Soc. Ontario, pp. 
22-24, 1875; Newman, E., Can. Ent., v. 6, pp. 255-259, 1874; Distant W. L. P. 
Ins. Transvaaliensia, p. 197, (1907). Strecker, H., B., Butterflies and Moths 
of North America, p. 278, 1878; Swainson, W., Bib. of Zool.. p. 386, 1840. 

Wa tace, A. R. (1823-1913). A., Ent. News, v. 24, p. 480, 1913; A., Ent. News, 
v. 25, pp. 34-37, 1914; Bethune—Baker, G. T., Trans. Ent. Soc. London 1913, 
(Proc.) p. cxlii; “‘H. J. T.,"’ Ent. Record, v. 26, pp. 27-28, 1914; “J. J. W.,’’ 
Ent. Mo. Mag., v. 49, pp. 276-277, 1913. 

WALLENGREN, D. J. (1822-1894). A., Ent. News, v. 6, p. 1382, 1895; M’Lachlan, 
R., Ent. Mo. Mag., v. 31, pp. 53-54, 1895. 

Wa su, B. D. (1808-1869). A., Can. Ent., v. 2, pp. 42-43, 1870; A., P., Ent. News, 
v. 5, pp. 269-270, 1894; Riley, C. V., P., Amer. Ent., v. 2, no. 3, pp. 65-68, 
1870; Smith, J. B., P., Pop. Sci. Mo., v. 76, pp. 475-476, 1910; Tucker, E. A., 
P., Trans. Ill. State Hist. Soc., pp. 54-61, 1920; Goding, F. W., Ill. St. Hort. 
Soc. Trans., v. 21, pp. 152-155, 1887. 

WALSINGHAM, T. DEG. (1843-1919). A., P., Bailey’s Mag., v. 56, p. 145, 1891; 
A., Ent. News, v. 31, pp. 148-149, 1920; Busck, A., Proc. Ent. Soc. Wash., 
v. 22, pp. 41-43, 1920; ‘‘Drnt,’’ P., Ent. Mo. Mag., v. 56, pp. 17, 25-28, 1920; 
“Jehu, Jr.,’’ P., Vanity Fair Album, v. 14, p. 409, 1882. 

WALTENROYL, C. B. (1823-1914). ‘J. A.G.R.,’’ Ent. News, v. 26, pp. 285-288, 1915. 
WARREN, W. (1839-1914). A., Ent. Mo. Mag., v. 50, pp. 294-295, 1914; A., Ent. 
News, v. 26, p. 96, 1915; ‘‘L. B. P.,’’ Ent. Record, v. 26, pp. 258-260, 1914. 
WASHBURN, F. L. (1860-1927). A., Ent. News, v. 39, p. 32, 1928; A., Jour. Econ. 

Ent., v. 20, pp. 849-850, 1927; A., Sci., n. s., v. 66, p. 374, 1927. 

WATERHOUSE, C. O. (1843-1917). A., Ent. News, v. 28, p. 337, 1917; ‘‘G. C. C.,” 
P., Ent. Mo. Mag., v. 53, pp. 67-68, 1917; Gahan, C. J., Trans. Ent. Soc. London 
1917, (Proc.) pp. cx-cxii; ‘‘W. L. D.,’’ Ent., v. 50, pp. 71-72, 1917. 

WATERHOUSE, F. H. (1845-1919). A., Ent. Mo. Mag., v. 56, p. 17, 1920; A., Ent. 
News, v. 31, p. 149, 1920. 

WATERHOvSE, G. R. (1810-1888). A., Ent. Mo. Mag., v. 24, pp. 233-234, 1888; 
Dimmock, G., Psyche, v. 5, p. 156, 1889; Waterhouse, C. O., Trans. Ent. Soc. 
London 1888, (Proc.) pp. Ixx-Ixxvi. 

WATTENWYL, C. B. von (1823-1914). Burr, M., Ent. Record, v. 12, pp. 5-6, 1900; 
“J. A. G. R.,’’ Ent. News, v. 26, pp. 285-288, 1915. 

WEsp, S. (1837-1919). A., Ent. News, v. 30, p. 210, 1919; ‘‘H. J. T.,’’ Ent. Record, 
v. 31, p. 100, 1919; ‘‘H. R. B.,”’ Ent., v. 52, pp. 119-120, 1919. 

WEssTER, F. M. (1849-1916). A., Ent. News, v. 27, p. 96, 1916; Forbes, S. A., 
P., Jour. Econ, Ent., v. 9, pp. 239-241, 1916; Hewitt, C. G., Can. Ent., v. 48, 
pp. 73-74, 1916; Howard, L. O., P., Proc. Ent. Soc. Wash., v. 18, pp. 78-83, 
1916; Osborn, H., P., Ann. Ent. Soc. Amer., v. 9, pp. 104-105, 1916; Walton, 
W.R., Sci., n. s., v. 43, pp. 162-164, 1916. 

WEELE, H. W. VAN DER (1879-1911). A., Ent. News, v. 22, pp. 287-288, 1911. 

WEHNCKE, E. (1835-1883). A., Psyche, v. 4, p. 236, 1884. 

WEISMANN, F. L. A. (1834-1914). ‘“‘P. P. C.,’’ Ent. News, v. 26, pp. 44-47, 1915. 

WEITH, R. J. (1847-1902). A., Can. Ent., v. 34, p. 278, 1902; A., Ent. News, v. 
13, p. 298, 1902; Needham, J. G., Can. Ent., v. 35, pp. 36-37, 1903. 

WELLEs, C. S. (1847-1914). ‘‘P. P. C.,’’ Ent. News, v. 25, p. 192, 1914. 

WENZEL, H. W. (1857-1925). A., Ent. News, v. 36, p. 320, 1925; Hainbach, F., 
P., Ent. News, v. 37, pp. 29-31, 1926. 

WERNEBURG, A. ( -1886). McLachlan, R., Trans. Ent. Soc. London 1886, (Proc.) 
p. Ixx. 

West, J. A. (1876-1910). Forbes, S. A., Jour. Econ, Ent., v. 3, pp. 384-385, 1910. 

West, W. (1836-1920). A., Ent. News, v. 32, p. 64, 1921; Ashby, S. R., Ent. Mo. 
Mag., v. 56, p. 213, 1920; ‘‘H. J. T.,’’ Ent. Record, v. 32, pp. 175-176, 1920. 

Westcott, O. S. (1834-1919). A., B., Ent. News, v. 31, pp. 119-120, 1920. 

WestuHorF, F. (1860-1896). A., Ent. News, v. 8, p. 72, 1897. 

WeEstwoop, J. O. (1805-1893). A., P., Can. Ent., v. 25, pp. 261-262, 1893; A., 
P., London News, v. 102, p. 38, 1893; Bethune, C. J. S., P., 24th Ann. Rpt. 
Ent. Soc. Ontario, pp. 107-108, 1893; McLachlan, R., P., Ent. Mo. Mag., v. 





520 Annals Entomological Society of America [Vol. XXI, 


29, pp. 49-51, 1893; Strecker, H., B., Butterflies and Moths of North America, 
pp. 278-279, 1878; Swainson, W., B., Bib. of Zool., p. 368, 1840. 

Wuite, H. G. (1850-1899). Newcomb, H. H., Ent. News, v. 10, p. 110, 1899. 

WIEDEMAN, G. R. C. ( ). Swainson, W., Bib. of Zool., p. 369, 1840. 

WIEPKEN, C. F. ( -1897). A., Ent. ae v. 8, p. 120, 1897. 

Wicut, R. A. (1823-1896). wer ra ‘ Ent. News, v. 8, pp. 156-159, 1897. 

WituiAMs, J. B. (1848-1916). A., Ent.. v. 48, p. 248, 1916. 

WILLISTON, S. W. (1852-1918). Xtarieh, es M., P., Ent. News, v. 29, pp. 322-327, 
1918; A., Can. Ent., v. 51, pp. 39-41, 1919; Brown, B., P., Nat. Hist., 

p. 611, 1918; Lull, R. S., Amer. Jour. Sci., 4th ser., v. 7, pp. 220-224, 1919: 
Lull, R. S., P., B., Mem. Nat. Acad. Sci., v. 17, pp. 115-141, 1924; Osborn, 
H., et al., P., Ann. Ent. Soc. Amer., v. 12, p. 56, 1919”’ 

Wit_uGusy, F. (1635-1672). Miall, L. C., Early Naturalists, their lives and 
work, pp. 99-130, 1912. 

Witson, O. S. ( -1890). A., Ent. Mo. Mag., v. 26, p. 305, 1890; A., Ent. News, 
v. 2, p. 40, 1891. 

Witson, T. (1856-1917). Hewitt, C. G., Can. Ent., v. 49, pp. 289-290, 1917. 

Witson, T. B. (1807-1865). A., Ent. News, v. 32, pp. 119-120, 1921; Ennis, J. 
et al., Proc. Ent. Soc. Phila., v. 5, appendix, pp. 1-38, 1865. 

WILT, Cuas. (1821-1886). Horn, G. H., Trans. Am. Ent. Soc., v. 13, p. vi, xxi, 1886. 

WITTFELD, A. M. (1865-1888). Edwards, W. H., Can. Ent., v. 20, p. 140, 1888. 

WoLLAsTon, T. V. (1821-1878). A., 9th Ann. _ Ent. Soc. Ontario, p. 25, 1878; 
1., Amer. Natur, v. 12, p. 197, 1878; A., Can. Ent., v. 10, pp. 34-35, 1878; 
1., Ent. Mo. Mag., v. 14, pp. 213-215, 1878; Westwood, J. O., Trans. Ent. 
Soc. London 1877, (Proc.) p. xxxviii. 

WoLLEY-Dop, F. H. ( 1919). A., Ent. News, v. 31, p. 30, 1920; “F. C. W.,’’ 
Can. Ent., v. 51, p. 240, 1919. 

Woop, C. T. (1862-1923). A., Ent. Mo. Mag., v. 60, p. 20, 1924; A., Ent. News, 
v. 35, p. 152, 1924. 

Woop, H. C. (1841-1919). Gunthrop, H., B., Can. Ent., v. 52, pp. 112-114, 1920; 
Skinner, H., et al., B., Ent. News, v. 31, pp. 115-118, 1920. 

Woop, H. P. (1883-1925). Bishopp, F. C., Jour. Econ. Ent., v. 19, p. 574, 1926. 

Woop, J. H. (1841-1914). A., B., Ent. Record, v. 26, pp. 256-258, 1914. 

Woop, S. T. (1860-1917). A., Can. Ent., v. 50, pp. 34-35, 1918. 

Woop, T. (1862-1923). A., Ent. Mo. Mag., v. 60, p. 20, 1924; A., Ent. News, v 
35, p. 152, 1924; A., Nature, v. 115, p. 21, 1924. 

Woop-Mason, J. (1846-1893). A., Ent. Mo. Mag., v. 29, pp. 145-146, 1893; A., 
Ent. News, v. 4, p. 280, 1893; Elwes, H. J., Trans. Ent. Soc. London 1893, 
(Proc.) p. lvi. 

Wooprurr, L. B. (1868-1925). A., Ent. News, v. 37, p. 160, 1926; A., Nat. Hist., 

26, p. 338, 1926; Davis, W. T., P., B., Jour. N. Y. Ent. Soc., v. 34, pp. 23-25, 
1926. 

WriGcut, A. A. (1846-1905). <A., Ent. News, v. 16, p. 160, 1905 

WriGcut, J. C. (1842-1924). Engelhardt, G. P., Bul. Brooklyn Ent. Soc., v. 21, 
p. 128, 1926. 

Wricut, W. G. (1830?-1912). A., Can. Ent., v. 45, p. 116, 1913; Grinnell, F., 
Jr., Ent. News, v. 24, pp. 91-92, 1913. 

WyTsMAN, M. P. ( -1925). <A., Ent. News, v. 36, p. 224, 1925. 

XAMBEU, P. (1837-1917). A., Ent. News, v. 29, p. 80, 1918. 

YounG, D. B. (1860-1925). Felt. E. P., Jour. Econ. Ent., v. 19, p. 419, 1926. 

ZABRISKIE, J. L. (1835-1910). A., Can. Ent., v. 42, p. 168, 1910. 

ZELLER, P. C. (1808-1883). ‘‘A. R. G.,’’ 4th Ann. Rpt. Ent. Soc. Ontario, p. 82, 
1883; ‘A. R. G.,’’ Can. Ent., v. 15, pp. 176-177, 1883; Dunning, J. W., Trans. 
Ent. Soc. London 1883, (Proc.) pp. xliv-xlvi; Stainton, H. T., P., Ent. Mo. 
Mag., v. 20, pp. 1-8, 1883; Strecker, H., B., Butterflies and Moths of North 
America, pp. 279-283, 1878. 

ZIEGLER, D. (is04-1876). Hagen, H. og 16th Ann. Rpt. Ent. Soc. Ontario, p. 
22, 1886; — i: G., Can. Ent., 17, pp: - 132- 133, 1885. 

ZIMMERMANN, C. (1800-1867). Dew, R. Bul. Brooklyn Ent. Soc., v. 8, 
pp. 110-114, 1913; Hagen, H. A., 20th Ann. sek Ent. Soc. Ontario, pp. 101-103, 
1889; Hagan, H. A., Can. Ent., v. 21, pp. 53-57, 71-73, 1889. 





